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Thank 
you 
very 
much 
for 
your 
interest 
in 
Toshiba 
microprocessor 
LSI's, 
TLCS-Z80 
family. 
The 
TLCS-Z80 
family 
consists 
of 
all 
CMOS 
devices 
which 
contain 
the 
industrial 
standard 
Z80 MPU 
and 
associated 
peripheral 
devices. 
It 


is 
a 
purpose 
of 
this 
manual 
to 
describe 
functions 
and 
specifications 
of 
the 


LSI 
devices 
and 
the macro 
assembly 
language 
of 
the TLCS-z80. 


Toshiba 
has 
provided 
following 
product 
literature 
for 
microcomputers 
and 
development 
tools: 


2. 
PRODUCTS 
BRIEF: 
MICROCOMPUTER 
LSI 
AND 
TOOL 


3. 
MICROCOMPUTER 
LSI 
DATA 
BOOK 
[MCU, 
MPU 
& 
MPR 
Device 
Spec. J 


4. 
TLCS-42 
SYSTEM 
MANUAL 
[MCU 
Spec. , ASM42 
& 
RTE42] 


5. 
TLCS-47 
SYSTEM 
MANUAL 
[MCU 
Spec. , ASM47 , PL47 
& 
App. 
Guide] 


6. 
TLCS-48 
SYSTEM 
MANUAL 
[MCU 
Spec. , ASM48 
& App. 
Guide] 


7. 
TLCS-Z80 
SYSTEM 
MANUAL 
[MPU + MPR 
spec. 
& 
RMAC80 ] (This 
manua 1) 


8. 
TLCS-85 
SYSTEM 
MANUAL 
[MPU 
+ MPR 
spec. 
& 
ASM85] 


9. 
TDS800A 
OPERATION 
MANUAL 
[TDS800A, 
EDITOR, 
ASSEMBLER 
etc. ] 


Toshiba 
reserves 
all 
copyrights 
for 
the 
above-mentioned 
literature. 


1985, 
Integrated 
Circuit 
Division, 
Toshiba 
Corporation) 
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This 
is an 
integrated 
circuit 
technical 
description 
which 
describes 
the 
functions 
and characteristics 
of the 8-bit microprocessor 
family TLCS-Z80 LSI 
devices provided by Toshiba. 


The 
TLCS-z80 
family 
is a group 
of 
CMOS 
devices 
with 
the 
excellent 
per- 
formance, which have been developed by following 
the system architecture 
com- 
patible with 
the Z80(R) family 
(NMOS device 
group) which 
is the most 
popular 
8-bit 
MPU 
family. 
CMOS 
devices 
of 
the TLCS-Z80 
family 
are 
compatible 
with 
NMOS 
devices 
with 
respect 
to 
the 
pin 
connections, 
internal 
functions 
and 
operating 
speed. 
The 
TLCS-z80 
family 
has 
more 
excellent 
characteristics 
in 
power consumption 
and operating 
speed, and 
can be used 
in more 
wide 
applica- 
tions than before. 
In order 
to facilitate 
the circuit 
configuration 
of 
the TLCS-Z80 
system 
and make 
the most 
of the features of CMOS devices, clock generator/controller 


have been newly developed. 
In addition, every effort are being exerted 
toward 


realization 
of miniaturized, 
highly 
integrated and high speed package 
to meet 
market 
demands. 


Development 
tools (assembler, emulator, etc.) for supporting 
the TLCS-z80 
application 
system development. 


The copyright of this technical description belongs 
to TOSHIBA. 
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TOSHIBA 
110S TYPE 
DIGITAL 
INTEGRATED 
CIRCUIT 


TMPZ84COOP 


SILICON 
MONOLITHIC 


GlIOS SILICON 
GATE 
~mTI~rnrnffiTI~rn 
~~rn~rn~TI 


TECHNICAL 
DATA 


The TMPZ84COOP 
(from here 
on referred 
to as Z80 or CPU) 
is-CMOS 
version 


of Z80 CPU which 
provides 
low power 
operation 
and high 
performance. 


Built 
into the CMOS 
Z80 microprocessor 
are all bus control, 
memory 


control, 
and 
timing 
signals 
in addition 
to eight 
general 
purpose 
l6-bit 


registers 
and an arithmetic-and-logic 
unit. 
The 
CMOS 
Z80 
is fabricated 


using 
Toshiba's 
CMOS 
Silicon 
Gate Technology. 


Single 
SV Power 
Supply 


4MHz 
@SV±lO% 
(TMPZ84COOP) 


Two 
Interrupt 
Inputs 


- Non-maskable 
Interrupt 
(NMI) 


- 3 Modes 
of Maskable 
Interrupt 
(INT) 


° 8080 
Compatible 
(Non-Z80 
Peripheral 
Device) 
(Mode 0) 


° Restart 
(Mode 1) 


° Z80 Family 
Peripheral 
with Daisy 
Chain 
(Mode 
2) 


lSmA Typ. 
@4MHz 
@SV 
(TMPZ84COOP) 


Less 
than 10uA 
@SV 
(Power down) 


Extended 
Operating 
Temperature 


- 40°C 
to 8SoC 


All 
1 
Ala 
AU 
2 
"9 


A13 
3 
A8 


AU 
• 
"" 
A15 
5 
"'€ 
eIK 
6 
A5 


D. 
7 
4 
1:3 
8 
A3 
Vcc 
It 
9 
A2 


I\s 
10 
Al 
Vrn 


VCC 
II 
Ao 
ClJXK 


Dz 
12 
~ 
C7 
13 
ID 
14- 
M1 


--.!'.l 
15 
REBET 
!NT 
16 
BUSREQ 


NM[ 
l7 
Wiiff 


HALT 
L8 
IDSAC!< 


MREQ 
19 
WR 


1m< 
20 
Ri5 


AO-A1S. 
Address 
Bus 
(output, 
active 
High, 
3-state) 


Ao-A1S 
form 
a 
l6-bit 
address 
bus. 
The 
Address 
Bus 
provides 
the 
address 


for 
memory 
data 
bus 
exchanges 
(up 
to 64K 
bytes) 
and 
for 
I/O 
device 
exchanges. 


BUSACK. 
Bus 
Acknowledge 
(output, 
active 
Low) 


Bus 
Acknowledge 
indicates 
to 
the 
requesting 
device 
that 
the 
CPU 
address 


bus, 
data 
bus, 
and 
control 
signals 
MREQ, 
IORQ, 
RD, 
and 
WR 
have 
entered 
their 


high 
impedance 
states. 
The 
external 
circuitry 
can 
now 
control 
these 
lines. 


3US~EQ. Bus 
Request 
(input, 
active 
Low) 


Bus 
Request 
has 
a higher 
priority 
than 
NMI 
and 
is 
always 
recognized 
at 


the 
end 
of 
the 
current 
machine 
cycle. 
BUSREQ 
forces 
the 
CPU 
address 
bus, 


data 
bus, 
and 
control 
signals 
MREQ, 
IORQ, RD, 
and WR 
to 
go 
to 
a high- 


impedance 
state 
so 
that 
other 
devices 
can 
control 
these 
lines. 
BUSREQ 
is 


normally 
wire-ORed 
and 
requires 
an external 
pullup 
for 
these 
applications. 


Extended 
BUSREQ 
periods 
due 
to extensive 
DMA 
operations 
can 
prevent 
the 
CPU 


from 
properly 
refreshing 
dynamic 
RAMs. 


00-07. 
Data 
Bus 
(input/output, 
active 
High, 
3-state) 


Do-D7 
constitute 
an 
8-bit 
bidirectional 
data 
bus, 
used 
for 
data 
exchange 


with 
memory 
and 
I/O. 


HALT. 
Halt 
State 
(output, 
active 
Low) 


HALT 
indicates 
that 
the 
CPU 
has 
executed 
a Halt 
instruction 
and 
is 
awaiting 


either 
a non-maskable 
or 
a maskable 
interrupt 
(with 
the 
mask 
enabled) 
before 
oper- 


ation 
can 
resume. 
While 
halted, 
the 
CPU 
executes 
NOPs 
to maintain 
memory 
refresh. 


TNT. 
Interrupt 
Request 
(input, 
active 
Low) 


Interrupt 
Request 
is 
generated 
by 
I/O 
devices. 
The 
CPU 
honors 
a request 


at 
the 
end 
of 
the 
current 
instruction 
if 
the 
internal 
software-controlled 


interrupt 
enable 
flip-flop 
(IFF) 
is 
enabled. 
INT 
is normally 
wire-ORed 


and 
requires 
an 
external 
pullup 
for 
these 
applications. 


[ORQ. 
Input/Output 
Request 
(output, 
active 
Low, 
3-state) 


IORQ 
indicates 
that 
the 
lower 
half 
of 
the 
address 
bus 
holds 
a valid 


I/O 
address 
for 
an I/O 
read 
or write 
operation. 
IORQ 
is 
also 
generated 


concurrently 
with 
MI 
during 
an 
interrupt 
acknowledge 
cycle 
to 
indicate 
that 


an 
interrupt 
response 
vector 
can 
be 
placed 
on 
the 
data 
bus. 


'fl. 
Machine 
Cycle 
One 
(output, 
active 
Low) 


MI, 
together 
with 
MREQ, 
indicates 
that 
the 
current 
machine 
cycle 
is 


the 
opcode 
fetch 
cycle 
of 
an 
instruction 
execution. 
Note 
that 
during 


execution 
of 
2-byte 
op-codes 
always 
begin 
with 
CBH' 
DOH, 
EDH 
or 
FDH' 


MI 
also 
occurs 
with 
IORQ 
to 
indicate 
an 
interrupt 
acknowledge 
cycle. 


~:REQ. 
Memory 
Request 
(output, 
active 
Low, 
3-state) 


MREQ 
indicates 
that 
the 
address 
bus 
holds 
a valid 
address 
for a 
memory 


read 
or memory 
write 
operation. 


NMI. 
Non-Maskable 
Interrupt 
(input, 
active 
Low) 


NMI 
has 
a higher 
priority 
than 
INT. 
NMI 
is 
always 
recognized 
at 
the 
end 


of 
the 
current 
instruction, 
independent 
of 
the 
status 
of 
the 
interrupt 
enable 


flip-flop, 
and 
automatically 
forces 
the 
CPU 
to 
restart 
at 
location 
0066H. 


RD. 
Memory 
Read 
(output, 
active 
Low, 
3-state) 


RD 
indicates 
that 
the 
CPU 
wants 
to 
read 
data 
from 
memory 
or 
an 
I/O 


device. 
The 
addressed 
I/O 
device 
or memory 
should 
use 
this 
signal 
to 
gate 


data 
onto 
the 
CPU 
data 
bus. 


RESET. 
Reset 
(input, 
active 
Low) 


RESET 
initializes 
the 
CPU 
as 
follows: 
it 
resets 
the 
interrupt 
enable 


flip-flop, 
clears 
the 
PC 
and 
Registers 
I 
and 
R, 
and 
sets 
the 
interrupt 
status 


to Mode 
O. 
During 
reset 
time, 
the 
address 
and 
data 
bus 
go 
to 
a high- 


impedance 
state, 
and 
all 
control 
output 
signals 
go 
to 
the 
inactive 
state. 


Note 
that 
RESET 
must 
be 
active 
for 
a minimum 
of 
three 
full 
clock 
cycles 


before 
the 
reset 
operation 
is 
complete. 


RFSH. 
Refresh 
(output, 
active 
Low) 


RFSH 
together 
with 
MREQ, 
indicates 
that 
the 
lower 
seven 
bits 
of 
the 


system's 
address 
bus 
can 
be 
used 
as 
a refresh 
address 
to 
the 
system's 


dynamic 
memories. 


'!AIT. 
Wait 
(input, 
active 
Low) 


WAIT 
indicates 
to 
the 
CPU 
that 
the 
addressed 
memory 
or 
I/O 
devices 
are 


not 
ready 
for 
a data 
transfer. 
The 
CPU 
continues 
to enter 
a Wait 
state 
as 


long 
as 
this 
signal 
is 
active. 
Extended 
WAIT 
periods 
can 
prevent 
the 
CPU 


from 
refreshing 
dynamic 
memory 
properly. 


HR. 
Memory 
Write 
(output, 
active 
Low, 
3-state) 


WR 
indicates 
that 
the 
CPU 
data 
bus 
holds 
valid 
data 
to be 
stored 
at 
the 


addressed 
memory 
or 
I/O 
location. 


CLK. 
Clock 
(input) 


Single 
phase 
system 
clock 
input. 
When 
CLK 
is 
a DC 
state 
(either 
a 


high 
or 
low 
level), 
CPU 
stops 
its 
operation 
and maintains 
resisters 
and 


con trol 
signals. 


VCC. 
Power 
Supply 


+SV 


VSS. 
Power 
Supply 


Ground 
reference 
(OV). 


FUNCTIONAL 
DESCRIPTION 


CPU REGISTERS 


The 
internal 
registers 
contain 
208 
bits 
of 
read/write 
memory 
that 
are 


accessible 
to 
the 
programmer. 
These 
registers 
include 
two 
sets 
of 
six 
general- 


purpose 
registers 
which 
may 
be 
used 
individually 
as 
either 
8-bit 
registers 
or 


as 
16-bit 
register 
pairs. 
In addition, 
there 
are 
two 
sets 
of 
accumulator 
and 


flag 
registers. 
A 
group 
of 
"Exchange" 
instructions 
makes 
either 
set 
of 
main 


or 
alternate 
registers 
accessible 
to 
the 
programmer. 
The 
alternate 
set 
allows 


operation 
in 
foreground-background 
mode 
or 
it may 
be 
reserved 
for 
very 
fast 


interrupt 
response. 


A 
A..,'(:UMUlATCR 
~' FU'Il 
REDISTER 
A' 
ACOl MUIATCR 
1" 
FlAG REDIsrm 


B 
GENERAL RlRRl3E 
C 
GENERALPUIlf{l3E 
B' 
GENERALRJRREE 
C' 
GENERALRJRREE 


D GENmAL RI1FOSE 
E GENERAL RJRRlSE 
rJ 
GENrnAL R1RI.U3E 
E' 
GENERALPlJRI"reE 


H 
GENERALRRIU3E 
L 
GENffiAL RRIU3E 
H' 
GENERALP\RFIlSE 
L' 
GENERALRJRFreE 


} 


GENERAI' 


PURPOSE 
REGISTERS 


INTmlUPT 
FLIP. FLOPS STA'TIE 


~ 


l 


o ~ INTEREill'I'S 


DISABlED 
1= INTERRJPTS 
ENABlED 


IX INDEX REDISTER 


IY INJE( 
RIDJISTER 


SP STICK fOINTER 
> 


Ie 
HlOGRAMOOUNTER 


I I NTERfUPl' VEI'OR 
I 
R MEMORY RErnESH 


SPECIAL 
PURPOSE 
REGISTERS 


G 
G 
INTEmJPr 
MOIEO 
a 
1 
NOT lEED 
1 
G 
INTERRUPI MODEl 
1 
1 
INTEmlJPI 
MOlE2 


Register 
Size 
(Bits) 
Remarks 


A, 
A' 
Accumulator 
8 
Stores 
an operand 
or 
the 
results 
of 
an operation. 


F, 
F' 
Flags 
8 
See 
Instruction 
Set. 


B, 
B I 
General 
Purpose 
8 
Can 
be 
used 
separately 
or 
as 
a 16-bit 
register 
with 
C. 


C, 
C' 
General 
Purpose 
8 
See 
B, 
above. 


D, D' 
General 
Purpose 
8 
Can 
be 
used 
separately 
or 
as 
a 16-bit 


register 
with 
E. 


E, 
E' 
General 
Purpose 
8 
See 
D, 
above. 


H, 
H' 
General 
Purpose 
8 
Can 
be 
used 
separately 
or 
as 
a 16-bit 


register 
with 
L. 


L, 
L' 
General 
Purpose 
8 
See H, 
above. 


Note: 
The 
(B,C) , (D,E) , and 
(H,L) 
sets 


are 
combined 
as 
follows: 


B - High 
byte 
C - 
Low 
byte 


D - High 
byte 
E - Low 
byte 


H - High 
byte 
L - Low 
byte 


I 
Interrupt 
8 
Stores 
upper 
eight 
bits 
of 
memory 
ad- 


Register 
dress 
for 
vectored 
interrupt 
processing. 


R 
Refresh 
Register 
8 
Provides 
user 
transparent 
dynamic 


memory 
refresh. 
Automatically 
incre- 
mented 
and 
placed 
on 
the 
address 
bus 


during 
each 
instruction 
fetch 
cycle. 


IX 
Index 
Register 
16 
Used 
for 
indexed 
addressing. 


IY 
Index 
Register 
16 
Same 
as 
IX, 
above. 


SP 
Stack 
Pointer 
16 
Stores 
addresses 
or 
data 
temporarily. 
See 
Push 
or Pop 
in instruction 
set. 


PC 
Program 
Counter 
16 
Holds 
address 
of 
next 
instruction. 


IFF1-IFF2 
Interrupt 
Enable 
Flip-Flops 
Set 
or reset 
to indicate 
interrupt 
status 
(see 
Figure 
3) . 


IMFa-IMFb 
Interrupt 
Mode 
Flip-Flops 
Reflect 
Interrupt 
mode 
(see 
Figure 
3) . 


TABLE 
1. 
zao 
CPU REGISTERS 
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The 
program 
counter 
is 
16-bit 
counter 
and 
holds 
the 
16-bit 
address 
of 


the 
current 
instruction 
being 
fetched 
from 
memory. 
The 
PC 
is 
automatically 


incremented 
after 
its 
contents 
have 
been 
transferred 
to 
the 
address 
lines. 


When 
a program 
jump 
occurs 
the 
new 
valve 
is 
automatically 
placed 
in 
the 
PC, 


overriding 
the incrementer. 


The 
stack 
pointer 
holds 
the 
16-bit 
address 
of 
the 
current 
top 
of 
a stack 


located 
anywhere 
in external 
system 
RAM 
memory. 
The 
external 
stack 
memory 
is 


organized 
as 
a last-in 
first-out 
(LIFO) 
file. 
Data 
can 
be 
pushed 
onto 
the 


stack 
from 
specific 
CPU 
registers 
or popped 
off 
of 
the 
stack 
into 
specific 


CPU 
registers 
through 
the 
execution 
of PUSH 
and 
POP 
instructions. 
The 
data 


popped 
from 
the 
stack 
is 
always 
the 
last 
data 
pushed 
onto 
it. 
The 
stack 


allows 
simple 
implementation 
of 
multiple 
level 
interrupts, 
unlimited 
subroutine 


nesting 
and 
simplification 
of many 
types 
of 
data 
manipulation. 


The 
two 
independent 
index 
registers 
hold 
a 16-bit 
base 
address 
that 
is 


used 
in 
indexed 
addressing 
modes. 
In 
this 
mode, 
an index 
register 
is used 


as 
a base 
to point 
to 
a region 
in memory 
from 
which 
data 
is 
to be 
stored 
or 


retrieved. 
An 
additional 
byte 
is 
included 
in 
indexed 
instructions 
to 
specify 


a displacement 
from 
this 
base. 
This 
displacement 
is 
specified 
as 
a two's 


complement 
signed 
integer. 
This 
mode 
of 
addressing 
greatly 
simplifies 
many 


types 
of 
programs, 
especially 
where 
tables 
of 
data 
are 
used. 


The 
Z80CPU 
can 
be 
operated 
in 
a mode 
where 
an 
indirect 
call 
to 
any 


memory 
location 
can 
be 
achieved 
in 
response 
to 
an 
interrupt. 
The 
I Register 


is used 
for 
this 
purpose 
to store 
the high 
order 
8-bits 
of 
the 
indirect 
address 


while 
the 
interrupting 
device 
provides 
the 
lower 
8-bits 
of 
the 
address. 


This 
feature 
allows 
interrup 
routines 
to be 
dynamically 
located 
anywhere 
in 


memory 
with 
absolute 
minimal 
access 
time 
to 
the 
routine. 


The 
Z80CPU 
contains 
a memory 
refresh 
counter 
to enable 
dynamic 
memories 


to be 
used 
with 
the 
same 
ease 
as static 
memories. 
Seven 
bits 
of 
this 
8-bit 


register 
are 
automatically 
incremented 
after 
each 
instruction 
fetch. 
The 


eighth 
bit 
will 
remain 
as programmed 
as 
the 
result 
of 
an 
LD 
R, 
A instruction. 


The 
data 
in 
the 
refresh 
counter 
is 
sent 
out 
on 
the 
lower 
portion 
of 
the 


address 
bus 
along 
with 
a refresh 
control 
signal 
while 
the 
CPU 
is 
decoding 


and 
executing 
the 
fetched 
instruction. 
This 
mode 
of 
refresh 
is 
totally 


transparent 
to 
the 
programmer 
and 
does 
not 
slow 
down 
the 
CPU 
operation. 


The 
programmer 
can 
load 
the 
R register 
for 
testing 
purposes, 
but 
this 
register 


is normally 
not 
used 
by 
the 
programmer. 
During 
refresh, 
the 
contents 
of 
the 


I register 
are 
placed 
on 
the 
upper 
8 bits 
of 
the 
address 
bus. 


The 
CPU 
includes 
two 
independent 
8-bit 
accumulators 
and 
associated 
8-bit 


flag 
registers. 
The 
accumulator 
holds 
the 
results 
of 
8-bit 
arithmetic 
or 


logical 
operations 
while 
the 
flag 
register 
indicates 
specific 
conditions 
for 


8 or 
16-bit 
operations, 
such 
as 
indicating 
whether 
or not 
the 
result 
of 
an 


operation 
is 
equal 
to 
zero. 
The 
programmer 
selects 
the 
accumulator 
and 
flag 


pair 
that 
he wishes 
to work 
with 
a single 
exchange 
instruction 
so 
that 
he 
may 


easily 
work 
with 
either 
pair. 


There 
are 
two matched 
sets 
of 
general 
purpose 
registers, 
each 
set 


containing 
six 
8-bit 
registers 
that 
may 
be 
used 
individually 
as 
8-bit 
registers 


or 
as 
16-bit 
register 
pairs 
by 
the 
programmer. 
One 
set 
is 
called 
BC, 
DE 
and 


HL 
while 
the 
complementary 
set 
is 
called 
BC', 
DE' 
and HL'. 
At 
anyone 
time 


the programmer 
can 
select 
either 
set 
of 
registers 
to work 
with 
through 
a 


single 
exchange 
command 
for 
the 
entire 
set. 
In 
systems 
where 
fast 
interrupt 


response 
is 
required, 
one 
set 
of 
general 
purpose 
registers 
and 
an 
accumulator- 


flag 
register 
may 
be 
reserved 
for handling 
this 
very 
fast 
routine. 
Only 
a 


simple 
exchange 
commands 
need 
be 
executed 
to go between 
the 
routines. 
This 


greatly 
reduces 
interrupt 
service 
time 
by 
eliminating 
the 
requirement 
for 


saving 
and 
retrieving 
register 
contents 
in 
the 
external 
stack 
during 
interrupt 


or 
subroutine 
processing. 
These 
general 
purpose 
registers 
are 
used 
for 
a wide 


range 
of 
applications 
by 
the 
programmer. 
They 
also 
simplify 
programming, 


especially 
in 
ROM 
based 
systems 
where 
little 
external 
read/write 
memory 
is 


available. 


Add 
Left or right shifts or rotates (arithmetic 
and logical) 


Each 
of 
the 
two 
Z80 
CPU 
Flag 
registers 
contains 
six 
bits 
of 
information 


which 
are 
set 
or 
reset 
by various 
CPU 
instructions. 
Four 
of 
these 
bits 
are 


testable; 
that 
is, 
they 
are 
used 
as 
conditions 
for 
jump, 
call 
or 
return 
in- 


structions. 
The 
four 
testable 
flag 
bits 
are: 


1) 
Carry 
Flag 
(C) 
- This 
flag 
is 
the 
carry 
from 
the 
highest 
order 
bit 


of 
the 
accumulator. 
For 
example, 
the 
carry 
flag 
will 
be 
set 
during 


an 
add 
instruction 
where 
a 
carry 
from 
the 
highest 
bit 
of 
the 
accumu- 


lator 
is 
generated. 
This 
flag 
is 
also 
set 
if 
a borrow 
is 
generated 


during 
a subtraction 
instruction. 
The 
shift 
and 
rotate 
instructions 


also 
affect 
this 
bit. 


2) 
Zero 
Flag 
(Z) - This 
flag 
is 
set 
if 
the 
result 
of 
the 
operation 
load- 


ed 
a 
zero 
into 
the 
accumulator. 
Otherwise 
it 
is 
reset. 


3) 
Sign 
Flag 
(S) - This 
flag 
is 
intended 
to be 
used 
with 
signed 
numbers 


and 
it 
is 
set 
if 
the 
result 
of 
the 
operation 
was 
negative. 
Since 


bit 
7 (MSB) 
represents 
the 
sign 
of 
the 
number 
(A negative 
number 
has 


a 1 in bit 
7), 
this 
flag 
stores 
the 
state 
of 
bit 
7 in 
the 
accumula- 


tor. 


4) 
Parity/Overflow 
Flag 
(P/V) 
- This 
dual 
purpose 
flag 
indicates 
the 


parity 
of 
the 
result 
in 
the 
accumulator 
when 
logical 
operations 
are 


performed 
(such 
as 
AND 
A, 
B) 
and it 
represents 
overflow 
when 
signed 


two's 
complement 
arithmetic 
operations 
are 
perfomed. 
The 
Z80 overflow 


flag 
indicates 
that 
the 
two's 
complement 
number 
in 
the 
accumulator 


is 
in 
error 
since 
it has 
exceeded 
the 
maximum 
possible 
(+127) 
or 
is 


less 
than 
the 
minimum 
possible 
(-128) 
number 
that 
can 
be 
represented 


two's 
complement 
notation. 


There 
are 
also 
two 
non-testable 
bits 
in 
the 
flag 
register. 
Both 
of 
these 
are 


used 
for 
BCD 
arithmetic. 


1) 
Half 
carry 
(H) = This 
is 
the BCD 
carry 
or 
borrow 
result 
from 
the 


least 
significant 
four 
bits 
of 
operation. 
When 
using 
the 
DAA 
(Dec- 


imal 
Adjust 
Instruction) 
this 
flag 
is 
used 
to 
correct 
the 
result 
of 


a previous 
packed 
decimal 
add 
or 
subtract. 


2) 
Add/Subtract 
Flag 
(N) - Since 
the 
agorithim 
for 
correcting 
BCD 
oper- 


ations 
is 
different 
for 
addition 
or 
subtraction, 
this 
flag 
is 
used 


to specify 
what 
type 
of 
instruction 
was 
executed 
last 
so 
that 
the 


DAA 
operation 
will 
be 
correct 
for 
either 
addition 
or 
subtraction. 


The 
Flag 
register 
can 
be 
accessed 
by 
the 
programmer 
and 
its 
format 
is as 
fol- 


lows: 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


I S I z I X I H I X I!ivl N I C I 


· 
, indicates 
that 
the 
instruction 
does 
not 
change 
the 
flag. 


·x' 
means 
that 
the 
flag 
goes 
to an 
indeterminate 
state. 


'R' 
means 
that 
it 
is reset. 


, S· 
means 
that 
it 
is 
set. 


Note) 
Any 
instruction 
not 
appearing 
in 
the 
table 
2 does 
not 
affect 
any 


of 
the 
flags. 


Table 
2 includes 
a few 
special 
cases 
that 
must 
be 
described 
for 
clarity. 


_ Notice 
that 
the 
block 
search 
instruction 
sets 
the 
Z flag 
if 
the 
last 
compare 


operation 
indicated 
a match 
between 
the 
source 
and 
the 
accumulator 
data. 


Also, 
the 
parity 
flag 
is 
set 
if 
the 
byte 
counter 
(register 
pair 
BC) 
is not 


equal 
to 
zero. 
This 
same 
use 
of 
the 
parity 
flag 
is made 
with 
the 
block 
move 


instructions. 
Another 
special 
case 
is 
during 
block 
input 
or 
output 
instruc- 


tions, 
here 
the 
Z 
flag 
is 
used 
to 
indicate 
the 
state 
of 
register 
B which 
is 


used 
as 
a byte 
counter. 
Notice 
that 
when 
the 
I/O 
block 
transfer 
is 
complete, 


the 
zero 
flag 
will 
be 
reset 
to 
a zero 
(i.e. 
B=O) 
while 
in 
the 
case 
of 
a block 


move 
command 
the 
parity 
flag 
is 
reset 
when 
the 
operation 
is 
complete. 
A 


final 
case 
is when 
the 
refresh 
or 
I register 
is 
loaded 
into 
the 
accumulator, 


the 
interrupt 
enable 
flip 
flop 
is 
loaded 
into 
the 
parity 
flag 
so 
that 
the 


complete 
state 
of 
the 
CPU 
can 
be 
saved 
at 
any 
time. 


D7 D6bs 
4 3 D2 Dl DO 
PI 
Instruction 
S Z 
H 
V 
N C 
Conunents 


ADD 
A,s;ADC 
A,s 
0 
0 x 
0 x 
V 
R 
0 
8-bit 
add or add with 
carry 


SUB 
s; SBC 
A,s; 
CP s; NEG 
0 o x o x 
V 
S 
0 
8-bit 
subtract, 
subtract 
with 
carry, 
compare 
and negate" 


accumulator 


AND 
s 
0 o x S x 
P 
R R 


} Logical 
operations 
OR 
s; XOR 
s 
0 o x R x 
P 
R R 


INC 
s 
o 
0 x o x 
V 
R - 
8-bit 
increment 


DEC 
s 
o 
0 x 
0 x 
V 
S - 
8-bit 
decrement 


ADD 
DD, 
SS 
- - x x x 
- 
R 
0 
l6-bit 
add 


ADC 
HL, 
SS 
o 
0 x x x 
V 
R 
0 
l6-bit 
add with 
carry 


SBC HL, 
SS 
0 o x x x 
V 
S 
0 
l6-bit 
subtract 
with 
carry 


RLA; 
RLCA; 
RRA; 
RRCA 
- - x R x 
- 
R 
0 
Rotate 
accumulator 


RL 
s; RLC 
s; RR 
s; RRC 
s; 
0 o x R x 
P 
R 
0 
Rotate 
and 
shift 
locations 


SLA 
s; SRA s; SRL 
s 


RLD; 
RRD 
0 o x R x 
P 
R - 
Rotate 
digit 
left 
and 
right 


DAA 
. 
o 
0 x o x 
P 
- 
0 
Decimal 
adjust 
accumulator 


CPL 
- - x S x - 
S - 
Complement 
accumulator 


SCF 
- - x R x 
- 
R S 
Set carry 


CCF 
- - x x x 
- 
R 
0 
Complement 
carry 


IN r, 
(C) 
0 o x R x 
P 
R - 
Input 
register 
indirect 


INI; 
IND; 
OUTI; 
ourD 
x o x x x 
x 
S :} 


Block 
input 
and 
output 


INIR; 
INDR; 
OTIR; 
orDR 
x S x x x 
x 
S 
Z=O 
if B/O 
otherwise 
Z=l 


LDI; 
LDD 
x x x R x 
0 
R - } 
Block 
transfer 
inst~t?tions 


LDIR; 
LDDR 
x x x R x 
R 
R - 
P/V="J.if Bc/O, 
otherwise 
p/V=O 
--' 


D7D6 DSIJ4D" D2 Dl DC 
p/ 


Instruction 
S Z 
H 
V 
N C 
Connnents 


CPI; 
CPIR; 
CPD; 
CPDR 
o 0 x o x 
0 
S - 
Block 
search 
instructions 


Z=l 
if A=(HL), 
otherwise 


Z=D 
P/V=l 
if BC#O, 
otherwise 


p/V=O 


LD 
A, 
I; LD 
A, 
R 
o 0 x R x 
IFF 
R - 
The 
content 
of 
the 
interrupt 
enable 
flip-flop 
(IFF) 
is 


copied 
into 
the 
P/V 
flag. 


BIT 
b, 
s 
x 0 x S x 
x 
R - 
The 
state 
of 
bit 
b of 
location 
s is 
copied 
into 
the 


Z 
flag 


Carry/link 
flag. 
C=l 
if 
the 
operation 
produced 
a carry 
from 


the 
MSB 
of 
the 
operand 
or 
result. 


Parity 
or 
overflow 
flag. 
Parity 
(P) and 
overflow 
(V) 
share 
the 
same 
flag. 
Logical 
operations 
affect 
this 
flag 
with 
the 
parity 
of 
the 
result 
while 
arithmetic 
operations 
affect 
this 
flag 
with 


the 
overflow 
of 
the 
result. 
. 


If P/V 
holds 
parity, 
P/V=l 
if 
the 
result 
of 
the 
operation 
is 
even, 
p/V=O 
if 
result 
is odd. 
If P/V 
holds 
overflow, 
P/V=l 
if 


the 
result 
of 
the 
operation 
produced 
an 
overflow. 


Half-carry 
flag. 
H=l 
if 
the 
add 
or 
subtract 
operation 
produced 
a carry 
into 
or 
borrow 
from 
bit 
4 of 
the 
accumulator. 


Add/Subtract 
flag. 
N=l 
if 
the 
previous 
operation 
was 
a subtract. 


Hand 
N 
flags 
are 
used 
in conjunction 
with 
the 
decimal 
adjust 


instruction 
(DAA) 
to properly 
correct 
the 
result 
into 
packed 


BCD 
format 
following 
addition 
or 
subtraction 
using 
operands 
with 


packed 
BCD 
format. 


The 
flag 
is affected 
according 
to 
the 
result 
of 
the 
operation. 


p/v 
flag 
affected 
according 
to 
the 
overflow 
result 
of 
the 
operation. 


Any 
8-bit 
location 
for 
all 
the 
addressing 
modes 
allowed 
for 
the 


particular 
instruction. 


The CPU accepts 
two interrupt 
input 
signals: 
NMI and 
INT. 
The NHI is 


a non-maskable 
interrupt 
and has the highest 
priority. 
INT is a lower 


priority 
interrupt 
since 
it requires 
that interrupts 
be enabled 
in software 


in order 
to operate. 
Either 
NMI or INT can be connected 
to multiple 


peripheral 
devices 
in a wired-OR 
configuration. 


The Z80 has a single 
response mode 
for interrupt 
service 
for the 


non-maskable 
interrupt. 
The maskable 
interrupt, 
INT, has three programmable 


response modes 
available. 


These are: 


Mode 
0 
compatible 
with 
the 8080 microprocessor. 


Mode 1 
Peripheral 
Interrupt 
service, 
for use with 
non-8080/Z80 
systems. 


Mode 
2 
a vectored 
interrup·t 
scheme, 
usually 
daisy-chained, 
for use with 


Z80 family and compatible 
peripheral 
dev·ices. 


Both 
the INT and NMI inputs 
are sampled 
by the CPU on the rising 
edge 


of CLK in the last T state of the last Machine 
(M) cycle of any instruction. 


However, 
if BUSRQ 
is active 
at the same 
time, it will 
be processed 
before 
any 


interrupts. 
Figure 
4 illustrates 
the Z8D interrupt 
service 
sequence. 


INT and NMI are always 
acted 
on at the end of 
an 
instruction. 


(2) 
BUSRQ 
is acted 
on at 


the end of a machine 
cycle. 


(3) 
While 
the CPU is in the 


DMA MODE, 
it will 
not 


res~d 
to~tive 
inputs 
on INT or NMI. 


(4) 
These 
three 
inputs 
are 
acted on in the following 
order 
of priority. 


1) BUSRQ 
2) NMI 
3) INT 


[ 


MASKABLEJ 
INTERRUPT 
MODE 


The non-maskable 
interrupt 
cannot 
be disabled 
by program 
control 


and therefore 
will 
be accepted 
at all 
times by the CPU. 
NMI 
is usually 


reserved 
for servicing 
only 
the highest 
priority 
type interrupts, 
such 


as that for orderly 
shutdown 
after power 
failure has been detected. 


After 
recognition 
of the NMI signal 
(providing 
BUSREQ 
is not active), 


the CPU jumps 
to restart 
location 
0066H. 
Normally, 
software 
starting 


at 
this 
address 
contains 
the 
interrupt 
service 
routine. 


Regardless 
of the interrupt 
mode 
set by the user, 
the Z80 CPU 


response 
to a maskable 
interrupt 
input follows 
a common 
timing 
cycle. 


After 
the interrupt 
has been detected 
by the CPU 
(provided 
that 


interrupts 
are enabled 
and BUSREQ 
is not active) 
a special 
interrupt 


processing 
cycle begins. 
This 
is a special 
fetch 
(MI) cycle 
in which 


IORQ becomes 
active 
rather 
than MREQ, 
as in a normal 
MI cycle. 
In 


addition, 
this special MI cycle 
is automatically 
extended 
by two WAIT 


states, 
to allow 
for the time required 
to acknowledge 
the interrupt 


request 
and 
to place 
the interrupt 
vector 
on the bus. 


This mode 
is compatible 
with 
the 8080 microprocessor 
interrupt 


service 
procedures. 
The 
interrupting 
device 
places 
an 
instruction 
on 


the data bus. 


This 
is normally 
a Restart 
Instruction, 
which 
will 
initiate 
an 


unconditional 
jump 
to 
the 
selected 
one 
of 
eight 
restart 
locations 
in 


page 
zero 
of memory. 


Mode 
I operation 
is very 
similar 
to that 
for 
the 
NMI. 
The 


principal 
difference 
is 
that 
the Mode 
I interrupt 
has 
a vector 
address 


of 
DD38H 
only. 


This 
interrupt 
mode 
has 
been 
designed 
to utilize 
most 
effectively 


the 
capabilities 
of 
the 
z8D 
microprocessor 
and 
its 
associated 
peripheral 


family. 
The 
interrupting 
peripheral 
device 
selects 
the 
starting 
address 


of 
the 
interrupt 
service 
routine. 
It 
does 
this 
by 
placing 
an 
8-bit 


address 
vector 
on 
the 
data 
bus 
during 
the 
interrupt 
acknolwedge 
cycle. 


The 
high-order 
byte 
of 
the 
interrupt 
service 
routine 
address 
is 
supplied 


by 
the 
I 
(Interrupt) 
register. 
This 
flexibility 
in 
selecting 
the 


interrupt 
service 
routine 
address 
allows 
the 
peripheral 
device 
to use 


several 
different 
types 
of 
service 
routines. 


These 
routines 
may 
be 
located 
at 
any 
available 
location 
in memory. 
Since 


the 
interrupting 
device 
supplies 
the 
low-order 
byte 
of 
the 
2-byte 
vector, 


bit 
D 
(Ao) 
must 
be 
a 
zero. 


Figure 
5 illustrates 
the 
vector 
processing 
sequence. 


lDW ORI:ER } VECTOR 
TABI,E 


I 
ffiDER 


INI'ERRlJPT 


SERVICE 
roUTINE 


1) 
Interrupt 
vector 
generated 
by 
peripheral 
is 
read 
by 
CPU 
during 
interrupt 
acknowledge 
cycle. 


2) 
Vector 
combined 
with 
I register 
contents 
form 
l6-bit 
memory 
address 


pointing 
to vector 
table. 


3) 
Two 
bytes 
are 
read 
sequentially 
from 
vector 
table. 
These 
2 bytes 


are 
read 
into 
PC. 


The 
interrupt 
priority 
of 
each 
peripheral 
device 
is determined 
by 
its 


physical 
location 
within 
a daisy-chain 
configuration. 
Each 
device 
in 
the 


chain 
has 
an 
interrupt 
enable 
input 
line 
(lEI) 
and 
an 
interrupt 
enable 
output 


line 
(lED), 
which 
is 
fed 
to 
the 
next 
lower 
priority 
device. 
The 
first 
device 


in 
the 
daisy 
chain 
has 
its 
lEI 
input 
hardwired 
to a High 
level. 
The 
first 


device 
has 
highest 
priority, 
while 
each 
succeeding 
device 
has 
a corresponding 


lower 
priority. 
This 
arrangement 
permits 
the 
CPU 
to 
select 
the 
highest 


priority 
interrupt 
from 
several 
simultaneously 
interrupting 
peripherals. 


The 
interrupting 
device 
disables 
its 
lED 
line 
to 
the 
next 
lower 
priority 


peripheral 
until 
it has 
been 
serviced. 
After 
servicing, 
its 
lED 
line 
is 


raised, 
allowing 
lower 
priority 
peripherals 
to demand 
interrupt 
servicing. 


The 
Z80 
CPU 
will 
nest 
(queue) 
any 
pending 
interrupts 
or 
interrupts 


received 
while 
a selected 
peripheral 
is being 
serviced. 


In 
the 
Z80-CPU 
there 
is an 
enable 
flip 
flop 
(called 
IFF) 
that 
is 
set 
or 


reset 
by 
the 
programmer 
using 
the 
Enable 
Interrupt 
(EI) 
and 
Disable 
Interrupt 


(DI) 
instructions. 
When 
the 
IFF 
is 
reset, 
an 
interrupt 
(except 
NMI) 
cannot 


be 
accepted 
by 
the 
CPU. 


Actually 
disables 
interrupts 
from being 
accepted. 
Temporary 
storage 
location 
for IFF]. 


A 
second 
method 
of 
restoring 
the 
status 
of 
IFF] 
is 
thru 
the 
execution 


of 
a Return 
From 
Non-Maskable 
Interrupt 
(RETN) 
instruction. 
Since 
this 


instruction 
indicates 
that 
the 
non 
maskable 
interrupt 
service 
routine 
is 


complete, 
the 
contents 
of 
IFF2 
are 
now 
copied 
back 
into 
IFF" 
so 
that 
the 


status 
of 
IFF, 
just 
prior 
to 
the 
acceptance 
of 
the 
non-maskable 
interrupt 


will 
be 
restored 
automatically. 


Maskable 
interrupt 
INT enabled 


IFF} 
-> IFF2 
(Maskable 
interrupt 
INT disabled) 


IFF2 
-> IFF, at 
completion 
of an NMI 
service 
routine. 


The 
Z8D 
CPU 
executes 
instructions 
by 
proceeding 
through 
a specific 


sequence 
of 
operations. 
These 
include: 


Memory 
read 
or write 


I/O 
device 
read 
or write 


Interrupt 
acknowledge 


All 
instructions 
are 
merely 
a series 
of 
these 
basic 
operations. 
Each 


of 
these 
basic 
operations 
can 
take 
from 
three 
to six 
clock 
periods 
to complete 


or 
they 
can 
be 
lengthened 
to 
synchronize 
the 
CPU 
to 
the 
speed 
of 
external 


devices. 
The 
basic 
clock 
periods 
are 
referred 
to as 
T states 
and 
the 
basic 


operations 
are 
referred 
to as M 
(for machine) 
cycles. 
Figure 
6 illustrates 


how 
a 
typical 
instruction 
will 
be merely 
a series 
of 
specific 
M 
and 
T cycles. 


Notice 
that 
this 
instruction 
consists 
of 
three 
machine 
cycles 
(MI, 
M2 
and 
M3). 


The 
first 
machine 
cycle 
of 
any 
instruction 
is a 
fetch 
cycle 
which 
is 
four, 


five 
or 
six 
T 
states 
long 
(unless 
lengthened 
by 
the 
wait 
signal). 
The 
fetch 


cycle 
(MI) 
is 
used 
to 
fetch 
the 
OP 
code 
of 
the 
next 
instruction 
to be 
executed. 


Subsequent 
machine 
cycles 
move 
data 
between 
the 
CPU 
and 
memory 
or 
I/O 
devices 


and 
they 
may 
have 
anywhere 
from 
three 
to 
five 
T cycles 
(again 
they 
may 
be 


lengthened 
by 
wait 
states 
to synchronize 
the 
external 
devices 
to· the 
CPU). 


The 
following 
paragraphs 
describe 
the 
timing 
which 
occurs 
within 
any 
of 
the 


basic 
machine 
cycles. 


Fig. 
Instruction 
OP code 
fetch (m cycle) 


Fig. 
8 
Memory 
data 
read 
or write 
cycles 


Fig. 
9 
I/O read 
or 
write 
cycles 


Fig. 10 
Bus Request/Acknowledge 
Cycle 


Fig. 11 
Interrupt 
Request/Acknowledge 
Cycle 


Fig. 12 
Non maskable 
Interrupt 
Request/Acknowledge 
Cycle 


Fig. 13 
Exit 
from 
a HALT 
instruction 


Fig. 14 
Reset 
Cvcle 


Figure 
7-0 
shows 
the 
timing 
during 
an MI 
cycle 
(OP code 
fetch). 
Notice 


that 
the 
PC 
is 
placed 
on 
the 
address 
bus 
at 
the 
beginning 
of 
the 
HI 
cycle. 
One 


halt 
clock 
time 
later 
the 
MREQ 
signal 
goes 
active. 
At 
this 
time 
the 
address 


to 
the memory 
has 
had 
time 
to stabilize 
so 
that 
the 
falling 
edge 
of 
MREQ 
can 


be 
used 
directly 
as 
a chip 
enable 
clock 
to dynamic 
memories. 
The 
RD 
line 


also 
goes 
active 
to 
indicate 
that 
the memory 
read 
data 
should 
be 
enabled 
onto 


the 
CPU 
data 
bus. 
The 
CPU 
samples 
the 
data 
from 
the memory 
on 
the 
data 
bus 


with 
the 
rising 
edge 
of 
the 
clock 
of 
state 
T3 
and 
this 
same 
edge 
is 
used 
by 


the 
CPU 
to 
turn 
off 
the 
RD 
and 
MREQ 
signals. 
Thus 
the 
data 
has 
already 
been 


sampled 
by 
the 
CPU 
before 
the 
RD 
signal 
becomes 
inactive. 
Clock 
state 
T3 
and 


T4 
of 
a 
fetch 
cycle 
are 
used 
to 
refresh 
dynamic 
memories. 
(The 
CPU 
uses 
this 


time 
to 
decode 
and 
execute 
the 
fetched 
instruction 
so 
that 
no 
other 
operation 


could 
be 
performed 
at 
this 
time). 
During 
T3 
and 
T4 
the 
lower 
7-bits 
of 
the 


address 
bus 
contain 
a memory 
refresh 
address 
and 
the 
RFSH 
signal 
becomes 


active 
to 
indicate 
that 
a 
refresh 
read 
of 
all 
dynamic 
memories 
should 
be 


accomplished. 
Notice 
that 
a 
RD 
signal 
is not 
generated 
during 
refresh 
time 


to prevent 
data 
from 
different 
memory 
segments 
from 
being 
gated 
onto 
the 
data 


bus. 
The 
MREQ 
signal 
during 
refresh 
time 
should 
be 
used 
to perform 
a 
refresh 


read 
of 
all 
memory 
elements. 
The 
refresh 
signal 
cannot 
be 
used 
by 
itself 


since 
the 
refresh 
address 
is only 
guaranteed 
to be 
stable 
during 
MREQ 
time. 


Figure 
7-1 illustrates 
how the fetch cycle 
is delayed 
if the memory 


activates 
the WAIT 
line. 
During 
T2 and every 
subsequent 
Tw, the CPU samples 


the WAIT 
line with 
the falling edge of CLK. 
If the WAIT 
line is active 
at 


this time, another 
wait 
state will be entered 
during 
the following 
cycle. 


Using 
this technique 
the read cycle can be lengthened 
to match 
the access 


time of any type of memory 
device. 


AD-AI::> 


MHE<.< 


DBD-DB? 


M' 


1 Cyel 


T1 
T" 
T3 
T. 
TI 


CLK 


A<J-A15 


MREC< 


RD 


WArT 


M1 


DB<J-DB? 
IN 


Ril'SiT 


C!1< 


AG--A15 


D\TA IDS 
(1JJ-CY7) 
WAIT 


eLK 


A0-Alb 


} 
IU~AD 
CYCLE 


IJI\!A 
BUS 
(1.0-(11) 
WAlT 
-----------~-I--- 


I 


Figure 
9-0 
illustrates 
an 
I/O 
read 
or 
I/O write 
operation. 
Notice 
that 


during 
I/O 
operations 
a single 
wait 
state 
is automatically 
inserted. 
The 


reason 
for 
this 
is 
that 
during 
I/O 
operations, 
the 
time 
from 
when 
the 
IORQ 


signal 
goes 
active 
until 
the 
CPU 
must 
sample 
the WAIT 
line 
is very 
short 
and 


without 
this 
extra 
state 
sufficient 
time 
does 
not 
exist 
for 
an 
I/O 
port 
to 


decode 
its 
address 
and 
activate 
the 
WAIT 
line 
if a wait 
is 
required. 
Also, 


without 
this 
wait 
state 
it 
is difficult 
to design 
MaS 
I/O 
devices 
that 
can 


operate 
at 
full 
CPU 
speed. 
During 
this 
wait 
state 
time 
the WAIT 
request 


signal 
is 
sampled. 
During 
a read 
I/O 
operation, 
the 
RD 
line 
is used 
to 
enable 


the 
addressed 
port 
onto 
the 
data 
bus 
just 
as 
in 
the 
case 
of 
a memory 
read. 


For 
I/O write 
operations, 
the 
WR 
line 
is 
used 
as 
a clock 
to 
the 
I/O 
port, 


again 
with 
sufficient 
overlap 
timing 
automatically 
provided 
so 
that 
the 


rising 
edge 
may 
be 
used 
as 
a data 
clock. 


Figure 
9-1 
illustrates 
how 
additional 
wait 
states 
may 
be 
added 
with 
the 


WAIT 
line. 
The 
operation 
is 
identical 
to 
that 
previously 
described. 


CLK 


A0-A7 


lOR,! 


} 
Read 
Cycle 


} 
write 
Cycle 


* Automatically 


inserted 
by 


z8D CPU 


} 


WRITE 
CYCLE 


* Automatically 


inserted 
by 


Z8D 
CPU 


GLK 


lJUSRQ, 


HUSAK 


--- 
----r<== 
--------k::=: 


Floo<ing 
- 
- 
- 12 


DO-D7 
MREQ......J!.Q, 
LmRll:, 


--l,astMCycle 
of Jnstruction 


J,astT Stat 


J}\TA BJS 


WAIT 


* Automatically 
inserted 
by 
Z8D 
CPU. 


* Auto- 


matically 
inserted 
by 
Z8D 
cpu. 


Figure 
12 
illustrates 
the 
request/acknowledge 
cycle 
for 
the 
non-maskable 


interrupt. 
A pulse 
on 
the 
NMI 
input 
sets 
an 
internal 
NMI 
latch 
which 
is 


tested 
by 
the 
CPU 
at 
the 
end 
of 
every 
instruction. 
This 
NMI 
latch 
is 


sampled 
at 
the 
same 
time 
as 
the 
interrupt 
line, 
but 
this 
line 
has 
priority 


over 
the 
normal 
interrupt 
and 
it cannot 
be 
disabled 
under 
software 
control. 


Its 
usual 
function 
is 
to 
provide 
immediate 
response 
to 
important 
signals 
such 


as 
an 
impending 
power 
failure. 
The 
CPU 
response 
to 
a non 
maskable 
interrupt 


is similar 
to a normal 
memory 
read 
operation. 
The 
only 
difference 
being 
that 


the 
content 
of 
the 
data 
bus 
is 
ignored 
while 
the 
processor 
automatically 


stores 
the 
PC 
in 
the 
external 
stack 
and 
jumps 
to 
location 
0066H. 
The 
service 


routine 
for 
the 
non 
maskable 
interrupt 
must 
begin 
at 
this 
location 
if 
this 


interrupt 
is used. 


Whenever 
a software 
halt 
instruction 
is executed 
the 
CPU 
begins 
executing 


NOP's 
until 
an 
interrupt 
is 
received 
(either 
a non-maskable 
or 
a maskable 


interrupt 
while 
the 
interrupt 
flip 
flop 
is enabled). 
The 
two 
interrupt 
lines 


are 
sampled 
with 
the 
rising 
clock 
edge 
during 
each 
T4 
state 
as 
shown 
in 


Figure 
13. 
If a non-maskable 
interrupt 
has 
been 
received 
or 
a maskable 


interrupt 
has 
been 
received 
and 
the 
interrupt 
enable 
flip-flop 
is 
set, 
then 


the 
halt 
state 
will 
be 
exited 
on 
the 
next 
rising 
clock 
edge. 
The 
following 


cycle 
will 
then 
be 
an 
interrupt 
acknowledge 
cycle 
corresponding 
to 
the 
type 


of 
interrupt 
that 
was 
received. 
If both 
are 
received 
at 
this 
time, 
then 
the 


---Last 
M 
Cycle 


last 
T Tiroo 


CLK 
HALT 
.m or 


HALT 
INSTRUCTION 
IS 
RECErVED 
DURING 
THIS 


MEMORY 
CYCLF~ 


When 
system 
clock 
to Z80 
CPU is stopped 
at either 
a high 
or low level, 


Z80 
CPU stops 
its operation 
and maintains 
registers 
and control 
signals. 


However 
ICC2 Stand-by 
Supply 
Current 
is guaranteed 
only when 
the 


supplied 
system 
clock 
is stopped 
at a low level during 
T4 state 
of the 


following 
machine 
cycle 
(actually 
that 
is Ml cycle 
and executes 
NOP 
instruc- 


tion) next 
to OPcode 
fetch 
cycle of HALT 
instruction. 
The 
timing 
diagram 


when 
POWER 
DOWN FUNCTION 
is implemented 
by HALT 
instruction 
is shown 
as 


figure 
15. 


This 
function 
can be easily 
realized 
when 
T6497 
clock 
generator 
con- 


troller 
is connected 
with 
Z80 
CPU. 


~ 


OPcode 
fe tch 
cycle 
of 
HALT 


lnstruc 
tl on 


(Ml 
cycle) 
+ 


Execution 
of 


NOP 


(Ml 
cycle) 


TIMING 
DIAGRAM OF POWER DOWN FUNCTION 


BY HALT INSTRUCTION 


The 
system 
clock must be 
supplied 
to Z80 
CPU to release 
power 
down 
state. 


When 
the system 
clock 
is supplied 
to CLK terminal 
of Z80 CPU, 
CPU 
restarts 


operation 
continuously 
from the state when 
power 
down 
function 
has been 


implemented. 


(1) When 
external 
oscillator 
has 
been 
stopped 
to enter 
power 
down 
state, 
some 


warming-up 
time 
may 
be 
required 
to obtain 
precious 
and 
stable 
system 


clock 
for 
release 
from 
power 
down 
state. 


(2) When 
HALT 
instruction 
is executed 
to 
enter 
power 
down 
state, 
Z80 
CPU 
will 


enter 
HALT 
state. 
An 
interrupt 
signal 
(NMt or INTi 
or RESET 
signal 
must 
be 


generated 
to 
Z80 
CPU 
after 
the 
system 
clock 
is 
supplied 
to 
release 
power 
down 


state. 
Otherwise 
Z80 
CPU 
is 
still 
in HALT 
state 
even 
if 
the 
system 
clock 


is 
supplied. 


T6497 
Clock 
Gene ra to r/C on tro 11 er 


~ 


eLK 


l::J 
1DiLT 


Ml 


RST02 


MSl 


RSTI2 
(NMI) 


MS2 


RSTIl 


DS 


RESE:r 


The 
Z80 
microprocessor 
has 
one 
of 
the most 
powerful 
and 
versatile 


instruction 
sets 
available 
in any 
8-bit 
microprocessor. 


It 
includes 
such 
unique 
operations 
as 
a block 
move 
for 
fast, 
efficient 
data 


transfers 
within 
memory 
or 
between 
memory 
and 
I/O. 
It also 
allows 
operations 


on 
any 
bit 
in any 
location 
in memory. 


The 
z80 
CPU 
can 
execute 
158 
different 
instruction 
types 
including 
all 


78 of 
the 
8080A 
CPU. 


8-bit 
loads 


l6-bit 
loads 


Exchanges, 
block 
transfers, 
and 
searches 


8-bit 
arithmetic 
and 
logic 
operations 


General-purpose 
arithmetic 
and 
CPU 
control 


l6-bit 
arithmetic 
operations 


Rotates 
and 
shifts 


Jumps 


Calls, 
returns, 
and 
restarts 


Input 
and 
output 
operations 


A variety 
of 
addressing 
modes 
are 
implemented 
to permit 
efficient 
and 


data 
transfer 
between 
various 
registers, 
memory 
locations, 
and 
input/output 


devices. 
These 
addressing 
modes 
are 
as 
follows: 


Immediate 


Immediate 
extended 


Modified 
page 
zero 


Relative 


Extended 


Indexed 


Resister 


Resister 
indirect 


Implied 


Bit 


Instruction 
Code 
Flas 
No. of 
No. of M No. of T 
Mnemonic 
Hex 
Operation 
HV 
COl1lIlents 
D7D.DsD.D3D2DjDO 
S Z 
N C 
Bytes 
Cycles 
States 
LDr,r 
o 1 +- r 
-+ *" rf-+ 
r -+- r' 
- - - - - - 
1 
1 
4 
r,r 
Reg. 
LDr,n 
o 0 + r 
-+ 1 1 0 
r+n 
- - - - - - 
2 
2 
7 
000 
B 
n_ 
001 
C 
LDr, (HL) 
o 1 + r 
-+ 1 1 0 
r + (HL) 
- - - - - - 
1 
2 
7 
010 
D 
LDr, (IX+d) 
1 1 o 1 1 101 
DD 
r + (IX+d) 
- - - - - - 
3 
5 
19 
Oll 
E 
o 1 + r 
-+110 
100 
H 
d- 
101 
L 
LDr, (IY+d) 
1 1 1 1 1 101 
FD 
r+(IY+d) 
- - - - - - 
3 
5 
19 
lllA 
0 1 + r 
-+ 1 1 0 
d- 


LD(HL),r 
0 
1 1 1 0 + r 
-+ 
(HL) +r 
- - - - - - 
1 
2 
7 
LD(IX+d) ,r 
1 1 o 1 1 101 
DD 
(IX+d).+ 
r 
- - - - - - 
3 
5 
19 
0 1 1 1 O+r-+ 


d- 


LD(IY+d) ,r 
1 1 1 1 110 
1 
FD 
(IY+d) + r 
- - - - - - 
3 
5 
19 
0 1 1 1 O+r-+ 
d_ 


LD(HL),n 
o 0 1 1 o 1 1 0 
36 
(HL) +n 
- - - - - - 
2 
3 
10 


n_ 


LD(IX+d) ,n 
1 1 0 1 110 
1 
DD 
(IX+d)+n 
- - - - - - 
4 
5 
19 
0 0 1 1 o 1 1 0 
d_ 
n_ 


LD(IY+d) ,n 
1 1 1 1 110 
1 
FD 
(IY+d) + n 
- - - - - - 
4 
5 
19 
0 0 1 1 o 1 1 0 
36 
d- 
n- 


LDA 
(BC) 
o 0 0 0 101 
0 
OA 
A+ (BC) 
- - - - - - 
1 
2 
7 
LDA 
(DE) 
o 0 0 1 1 0 1 0 
lA 
A+ (DE) 
- - - - - - 
1 
2 
7 
LDA, (nn) 
o 0 1 1 1 0 1 0 
3A 
A + (nn) 
- - - - - - 
3 
4 
13 
- 
n- 
n_ 


LD(BC),A 
o 0 0 0 0 0 1 0 
02 
(BC) +A 
- - - - - - 
1 
2 
7 
LD(DE) A 
000 
1 o 0 1 0 
12 
(DE) + A 
- - - - - - 
1 
2 
LD(nn),A 
o 0 1 1 o 0 1 0 
32 
(nn) 
+A 
- - - - - - 
3 
4 
13 
n- 
n_ 


LDA, 1 
1 1 1 o 1 1 0 1 
ED 
A+l 
00 
RFF R - 
2 
2 
9 
0 1 0 1 0 1 1 1 
57 
LDA, R 
1 1 1 o 1 1 0 1 
ED 
A+R 
0 b RlEF R - 
2 
2 
9 
0 1 0 1 1 1 1 1 
5F 
LDI,A 
1 1 101 
1 0 1 
ED 
I+A 
- - - - - - 
2 
2 
9 
0 1 000 
1 1 1 
47 
LDR, A 
1 1 101 
1 0 1 
ED 
R+A 
- - - - - - 
2 
2 
9 
0 1 001 
1 1 1 
4F 


Notes: 
r,r' 
means 
any 
of 
the 
registers 
A, 
B, 
C, 
D, E, 
H, 
L 
IFF 
the 
content 
of 
the 
interrupt 
enable 
flip-flop 
(IFF) 
is 
copied 
into 
the 
P/V 
flag 
Flag 
Notation: 
- = flag 
not 
affected, 
R = flag 
reset, 
S = flag 
set. 


0= flag 
is 
affected 
according 
to 
the 
result 
of 
the 
operation. 


MPUZ80-47 


Instruction c0f.t- Operation 
Flags 
No. of 
No.of H No.of T 
Corrrnents 
Mnemonic 
D7D6D5D~D3D2DIDo 
Hex 
S Z Ht N C 
Bytes Cycles 
States 
1----- 
---- 
-- 
_._---- 
'- 
-_._-,. __. 


I 
LD dd ,nn 
00ddOOO1 
dd .•..l\ll 
1- - - - - - 
3 
3 
10 
dd Pair 


_n_j 
i 
: 


00 BC 


~- 
-n- 
01 DE 


LDIX.nn 
110111011DD 
IX .•..nn 
- - - - - - 
4 


! 


4 
I 
14 
10 HL 
o 0 1 0 0 0 0 1 i 21 
I 
11 SP 


---n---' 
i 
----n 
I 


LOIY 
J nn 
1 1111101 
! FD 
IY .•..nn 
- - - - - - 
4 
4 


! 


14 
o 0 1 0 0 0 0 1 i 21 
I 
I 


-n-j 
! 
i 


~;(nn) 


---n--- 
o 0 1 0 1 0 1 0 ! 2A 
H~ (nn+l) 
- 
- - 
- 
3 
5 
I 
16 
L 
(nn) 
i 


I 
===~---I 
i 


LDdd, (nn) 
11101101 


1 
ED 
ddH+{nn+1) -I- - - - - 
4 
6 
! 
20 
Old 
d 1 0 1 1 
ddL+{nn) 
I 


----n---! 
I 
I 
----n--- 


I 
I 
i 


LDIX, (nn) 
1 1 0 1 1 1 0 1 
I DD 
IXH+{nn+l)!- !- - - - - 
4 
6 
I 


20 
00101010j2A 
IXL+{nn) 
: 
. 
i 
i 
I 
I 


I 


i 


---n---i 
I 
! 
----n_ 
I 


LDIY, (nn) 
1 1 1 1 1 101 
, FD 
1YH+{nn+1)!- -1-1- 


1 
- 
- 
4 
i 
6 


i 


20 
o 0 1 0 1 0 1 0 
! 2A 
IYL~(nn) 
: 
. i 
i 
i 


I 


-n-:I 
I I 
I 
I 
i 
! 
-n 
; 


LD(nn) ,HL 
o 0 1 0 0 0 1 0 
! 22 
(nn+l)~H 
1-1- - - - 
I 
3 
I 
5 
16 
!~~---i 


I 
(nn)~L 
. 
I 
I 


I 
I 


~-,dd 


I 
I 


111011011ED 
(nn+l)~ddHl 


- ! 


- 
I 
4 
: 


6 


I 


20 
01dd0011 
: 
(nn)~ddL 


I 


,--n_1 
I 
I 
I 
n 
I 


LD(nn), IX 
11011101!DD 
(nn+l)<-IXH - - - - - - 
I 
4 


I 


6 
20 
! 


!~~~!22 
(nn)~IXL 
i 


I 
I 
I 


I 
I 


n 
: 


LD(nn) , IY 
I 1 1 1 1 1 1 0 1 i 


FD 
(nn+l)~ IYHI- 
- - - 
4 


I 


6 
20 
! 
'00100010 
22 
(nn)~ lYL 
I 
I 
i 


-n_! 
i 
I 
i 


, 


---n 
LDSP,HL 
1 1 1 1 1 o 0 1 
F9 
SP~HL 
- - - - - - 
1 
1 
6 
LDSP, IX 
1 1 0 1 
1. 1 0 1 
DD 
S~IX 
- 
_!- -r 
2 
2 


i 


10 
'I:ilsP; IY 


1 1 1 1 1 o 0 1 
F9 
i 


i 


1 1 1 1 1 1 0 1 
FD 
S~IY 
-i-I- -1- - 
2 
2 
10 
1 1 1 1 1 o 0 1 
F9 


PUSH 
IY 
-Ti-fTll 
0 
I 
FD 
11100101 
E5 


Flags 


Operation 
S zl HP.\,r 
N C 


(SP-2)+qqL 
- 
- 
- 
- 
- 


(SP-I)+QQH 
SI4SP-2 
(SP-2)+IXL 
- 
- 
- 
- 
- 


(SP-l)+IXH 
SP~SP-2 
(SP-2)+IYL, 
- 
- 
- 
- 
- 
- 


(SP-2)+IYH 
SI4SP-2 
QQH+(SP+l) 
- 
- 
- 
- 
- 


QQL+(SP) 
SP~SP+2 
IXH+(SP+l) 
- 
- 
- 
- 
- 
- 


IXL+(SP) 
SI4SP+2 
1YW(SP+l) 
- 
- 
- 
- 
- 
- 


IYL+(SP) 
SP~SP+2 


No. ofl 
No. of H! No. of 
T 
Comments 
Bytes I Cycles 
i States 


1 
! 
3 
ill 
QQ Pair 


I 
00 
BC 
, 
I 
+---t;- 
01 DE 


2 
! 
15 
10 HL 
11 AF 
: 


2 


! 


4 
15 


i 


1 
3 
10 


i 


2 


I 


4 
14 


I 


2 


I 


4 
14 


Notes: 
dd 
is 
any 
of 
the 
register 
pairs 
BC, 
DE, 
HL, 
SP 


qq 
is any of 
the 
register 
pairs 
AF, 
BC, 
DE, HL 


(PAIR)H' 
(PAIR)L 
refer 
to 
high 
order 
and 
low 
order 
eight 
bits 
of 
the 
register 
pair 


respectively. 
e.g. 
BCL""C, AFH-A 


Flag 
Notation: 
-::: flag 
not 
affected, 
R IE flag 
reset, 
S'" flag 
set, 
O=£lag 
is 
affected 
according 
to 
the 
result 
of 
the 
operation. 


Instruction 
Code 
Flags 
No. of 
No. of 
M 
No. of 
T 


Mnemonic 


D7D6DSD",D3l)2Dl 
Do 
Hex 
Operation 
5 
Z 
H Ply N C 
Bytes 
Cycles 
States 
Comments 


EX DE, 
HL 
1 
1 
1 
0 
1 
011 
EB 
llE+-+HL 
- - - - - - 
1 
1 
4 
EX AF, 
AF' 
0 
0 
0 
0 
1 o 
0 
0 
08 
AF+-Jo-AF' 
- - - - - - 
1 
1 
4 
(Exx) 


EXX 
1 
1 
0 
1 
1 
001 
D9 


CC-BC') 
- 
1 
1 
4 
Register 


DE+-+DE' 
i 
bank 
and 


HL+-+HL' 
auxiliary 


EX(5P) 
,HL 
1 
1 
1 
0 
0 
0 
1 
1 
E3 
H-(5P+l) 
- - - 
- - 
1 
5 
19 
register 


L-(5P) 
bank 
ex- 
EX(5P) 
,IX 
1 
1 o 
1 
1 
1 
0 
1 
DD 
IXH-~P+l) 
- - - - - - 
2 
6 
23 
change 


1 
1 
1 
000 
1 
1 
E3 
IXL-(SP) 
EX(SP),IY 
1 
1 
11110 
1 
FD 
IYH-~P+l) 
- - 
- 
2 
6 
23 
1 
1 
1 
000 
1 
1 
E3 
IYL-(5P) 
LVI 
III 
0 
1 
101 
ED 
I (DE).-(HL) 
- - R-.!J R 
- 
L 
4 
10 
*1 
1 
0 
1 
0 
0 
0 
0 
0 
AO 
DE.-DE+l 
HL<-HL+l 
BC.-BC-l 


LOIR 
1 
1 
1 
0 
1 
101 
ED 
(DE).-(HL) -,r 


R R - 
2 
5 
21 
If 
BCfO 


1 
0 
1 
1 
0 o 
0 
0 
BO 
DE<-DE+l 


I 


I 
2 
4 
16 


IIf 


BC=O 


! 


HL<-HL+l 
I 
I 
I 


I 


I 
BC.-BC-l 
I 
I 


Ree~~{l 
I 


I 


I 


BC=O 
I 


LDD 
1 
1 
1 
0 
1 
101 
I 
ED 
(DE).-(HL) 
- - Rr0 R!- 
! 
2 
4 
16 
1 
0 
1 
0 
1 o 
0 
0 
I A8 
DE.-DE-l 
I 
I 


HL<-HL-l 
I 
I 
I 
BC.-BC-l 
LDDR 
1 
1 
1 
0 
1 
1 o 
1 
ED 
(DE).-(HL) 
- 
R 
R R - 
2 


I 


5 
21 
If 
BCfO 


1 
0 
1 
1 
1 
0 o 
0 
B8 
DE<-DE-l 
2 
4 
16 
If 
BC=O 


HL<-HL-l 


I 
! 
BC.-BC-l 


I 
I 
I 
Repeat 
, 


I 
i 
I 


i 
until 


BC=O 
CPI 
1 
1 
1 o 
1 
1 
0 
1 
ED 
A 
(HL) 
2 
,J, 5 
2 
4 
16 
, 


1 
0 
1 o 
0 o 
0 
1 
Al 
HL.-HL+l 
I 


8C.-BC-l 


CPIR 
1 
1 
1 
0 
1 
1 
0 
1 
ED 
A-(HL) 
2 
I(rs - 
2 
5 
21 
*2 


1 
0 
1 
1 
0 
0 
0 
1 
Bl 
HL.-HL+l 
2 
4 
16 
*3 


I 


BC.-BC-l 
I 


I 
I 
Repeat 


I 
! 


until 


A=(HL) 
or 
I 
IRr.n 
I 
- 
CPD 
1 
1 
1 
0 
1 
1 
0 
1 
ED 
iA-(HL) 
If 
1 
51- 
2 
4 
16 
1 
0 
1 
0 
1 o 
0 
1 
A9 
~L'-HL-l 
/BC'-BC-l 
I 


Instruction 
Code 
Flags 
No.of 
No. of M No.of T 
Nmenomic 
D,D6D5DltD3D2Dl 
Do 
Hex 
Operation 
S Z HP/vN C 
Bytes 
Cycles 
States 
Comments 


CPDR 
1 1 101 
101 
ED 
A-(HL) 
0'71 00) 
S - 
2 
5 
21 
*2 


1'0 
1 1 1 0 0 1 
B9 
HL+.HL-1 
2 
4 
16 
*3 


BC<-BC-1 
Repeat 
until 
A-(HL)or 


I 
BC-O 


Notes: 
CD 
p/v 
flag 
is 
0 if 
the 
result 
of 
BC'l,-O, 
otherwise 
p/V-l 


~ 
Z flag 
is 
1 if 
A-(HL). 
othetvise 
Z-O. 


Flag 
Notation: 
- 
•. flag 
not 
affected, 
R •. flag 
reset, 
.S • 
flag 
set. 
o •. flag 
is 
affected 
according 
to 
the 
result 
of 
the 
operation. 


Instruction 
Code 
Flags 
No. of 
No. of M No. of 
T 
Mnemonic 
D7D6DSDItD]DzDl 
Do 
Hex 
Operation 
S Z H P/v N C 
Bytes 
Cycles 
States 
Comments 


ADD A r 
10 
1000l-r- 
A+A+r 
o 0 o V R 0 
1 
1 
4 
r 
Reg. 


ADD A,n 
1 1 ID:::ll::::llJ11 0 
A+A+n 
o 0 0 
V R 0 
2 
2 
7 
000 
B 
---n--- 
001 
C 
ADD A. (HL) 
1010001110 
A+A+(HL) 
o 0 o V R 0 
1 
2 
7 
010 
D 
ADD A, (IX+d) 
11011101 
DD 
A+A+(I X+d) o 0 o V R 0 
3 
5 
19 
011 
E 
1 0~1 
1 0 
I 
100 
H 
---d--_ 
101 
L 
ADD A, (IY+d) 
1111110 
1 
FD 
A+A+(IY+d) 
o 0 o V R 0 
3 
, 
l~ 
111 
A 
1 0~1 
10 
----d--- 


ADCA s 
~ 
A+A+s+CY 
o 0 o V R 0 
s 
is 
any 


SUBs 
m 
A+A-s 
o 0 o V S 0 
of 
r, 
n, 
SBCA s 
m 
A+A-s-CY 
o 0 
V SO 
(HL), 
(IX+d), 
ANDs 
CI:::lDlJ 
A+A A s 
o 0 
S P R R 
(IY+d)as 


ORs 
a::IQ] 
A+A v 
s 
o 0 
R P R R 
shown 
for 
XORs 
CI:::Q:JJ 
A+A Gl s 
o 0 
R P R R 
ADD inst- 
CPs 
rr:rn 
A s 
o 0 o V S 0 
ruction. 


INCr 
o 0 
r_l..LJLQJ 
r+r+l 
o 0 o V R - 
q 
The 
in- 
INC(HL) 
o 0 
1 1 OLLJLQJ 
(HL)+(H!J+ 
o 0 o V R - 
1 
3 
11 
dicated 
INC(IX+d) 
1 
101 
1 1 0 
1 
DD 
(IX+d)+ 
o O· o V R 
3 
b 
ZJ 
bits 
replace 


o 0 
1 1 0 u::JL:[] 
(IX+d)+l 
I 
the 
[JillQ] 
in 
d 
, 
the 
ADD set 
INC(IY+d) 
1 1 
1 1 
1 1 0 
1 
FD 
(IY+d)+ 
o 0 o V R - 
3 
6 
23 
above. 


o 0 
1 
1 0 o:::::Q::Q] 
I 
(IY+d)+l 
-d--- 


DECs 
CI::::Q:I] 
s+-5-1 
o 0 o V S - 
s 
is 
any 
of 
r. 
(HL), 


(IX+d), 
(IY 


+d) 
as 
shoWIl 


for 
INC. 


DEC same 
format 
and 


states 
as 


INC. 


I 


Replace 
[IQ[) 


with 
[lQIJ in 


OP Code. 


Notes: 
The 
V symbol 
in 
the 
p/V 
flag 
column 
indicates 
that 
the 
P/V 
flag 
contains 
the 
overflow 
of 
the 
result 
of 
the 
operation. 
Similarly 
the 
P symbol 
indicates 
parity. 


V=l 
means 
overflow, 
V""Omeans 
not 
overflow, 
P-l 
means 
parity 
of 
the 
result 
is 
even, 


P=O means 
parity 
of 
the 
result 
is 
odd. 


Instruction 
Code 
Flags 
No. of 
No..of 
M No. of 
T 


Mnemonic 
Operation 
Z 
IvN 
C 
Bytes 
Cycles 
States 
Comments 


D7D6DsD4 D3D2Dl Do 
Hex 
S 
H 


DAA 
o 0 I 0 0 I 
I 
I 
27 
Converts 
0 o 0 P - 
0 
I 
I 
4 
Decimal 


acc, 
content 
adjust 
ac- 
into 
packed 
cumulator 


BCDfollow- 
ing 
add 
or 
subtract 
with 
packed 
BCDoper- 
.nds 


CPL 
0 0 I 0 I 
I 
I 
I 
2F 
A~A 
- 
- 
S 
- 
S 
- 
I 
I 
4 


NEG 
I I 
I 0 I 
I o 1 
ED 
A+-A+l 
000 
V S 
0 
2 
2 
B 
0 I o 0 0 I o 0 
44 


CCF 
0 0 I 1 1 I 
I 1 
3F 
CY~CY 
- - 
X 
- 
R 0 
I 
I 
4 


~ 
o 0 I 
I o I 
I 
I -- 
37 
CY~l 
- - R - 
R S 
I 
I 
4 


NOP 
o 000 
000 
0 
00 
No opera- 
- - 
- - 
I 
I 
4 


i 
tion 


HALT 
0 I 
I 
I o 1 I o 
I 76 
CPU halted 
- - - - - - 
I 
I 
4 


D1* 
I 
I 
I 
I o 0 1 I 
F3 
1FF~ 
- 
- - - 
I 
I 
4 
E1* 
I 
I 1 I I 0 I 
I 
FB 
1FF~1 
- - - - - - 
I 
I 
4 
1M 0 
I 1 I 0 I 
I 0 I 
; ED 
Set 
inter- 
- - - - - 
2 
2 
H 
0 I o 0 o 1 1 0 
46 
rupt 
mode 
0 


1M I 
I 
I 
I 0 I 
I 0 I 
ED 
Set 
inter- 
- - 
- - - 
2 
2 
8 
0 1 0 I 0 I I 0 
56 
rupt 
mode 
I 
1M 2 
I I 
I 0 I I 0 I 
ED 
Set 
inter- 
- - - - - - 
2 
2 
8 


! 
rupt 
mode 
o 1 
OIl 
I 
I 0 
I 
5E 
2 


Ins truc 
tion 
Code 
Fla 
5 
No. of 
No.of M No. of T 
Mnemonic 
D7D6DsDl,D3D2DIDo 
Hex 
Operation 
S Z H~V N C 
Bytes 
Cycles 
States 
Comments 


-- 


ADD HL.ss 
o 0 5 5 1 o 0 1 
HL~lL+Ss 
- - X - 
R 0 
1 
3 
11 
55 
Reg. 


ADC HL.55 
1 1 1 0 1 101 
ED 
H~HLtss-+<:Y0 0 X V R 0 
2 
4 
15 
00 
BC 
015 
5 1 o 1 0 
01 
DE 


SBC HL.ss 
1 1 1 0 1 1 0 1 
ED 
HL~HL-ss-cY o 0 X V S 0 
2 
4 
15 
10 
HL 


015 
5 0 o 1 0 
11 
SP 


ADOIX,pp 
1 1 o 1 1 
101 
I 


DD 
IX~IX+pp 
- - X - 
R 0 
2 
4 
15 
pp 
Reg. 


1 1 P P 1 o 0 1 
00 
BC 
01 
DE 


i 


10 
IX 


11 
SP 


ADDIY.rr 
1 1 1 1 1 1 0 1 I PD 
IY+IY+rr 
- - X - 
R 0 
2 
4 
15 
rr 
Reg. 


0 0 r r 1 0 0 1 I 
00 
BC 


I 


01 
DE 


I 
10 
IY 


11 
SP 


INCss 
o 0 5 5 0 0 1 1 
ss+ss+l 
- 
- - 
1 
1 
6 


INCIX 
1 101 
1 1 0 1 
DD 
IX~IX+l 
- - - - - - 
2 
2 
10 


o 0 1 0 001 
1 
23 


INCIY 
1 1 1 1 110 
1 
FD 
IY~IY+l 
- - - - - - 
2 
2 
10 
o 0 1 0 o 0 1 1 
23 


DECss 
o 0 5 5 1 0 1 1 
I 
ss+ss-l 
- - - - - - 
2 
2 
6 
DECIX 
1 1 o 1 110 
1 
DD 
IX~IX-1 
- - - - - - 
2 
2 
10 
o 0 1 0 101 
1 
2B 


DECIY 
1 1 1 1 110 
1 
PD 
IY~IY-1 
- - - - - - 
2 
2 
10 
o 0 1 0 101 
1 
2B 


Notes: 
55 is 
any of 
the 
register 
pairs 
BC, DE, HL, SP 
pp is 
any 
of 
the 
register 
pai rs 
BC, DE, IX, 
SP 
rr is 
any of 
the 
register 
pairs 
BC, DE, IY, 
SP. 


Flag 
Notation: 
- 
flag 
not 
affected. 
R z flag 
reset. 
S = flag 
set. 
X z flag 
is 
unknown. 


o 
= flag 
is 
affected 
according 
to 
the 
result 
of 
the 
operation. 


Instruction 
Code 
FlaBs 
No. of 
No. of 
M 
No. of 
T 
Mnemonic 
D7D6DSDit D]D2D1Do 
Hex 
Operation 
S 
Z H 
:VNC 
Bytes 
Cycles 
States 
Comments 


RLCA 
00000111 
07 
~ 
- - R - 
R a 
1 
1 
4 
·Rotate 
left 


circular 
ac· 
A 
cumulator 


RLA 
00010 
1 1 1 
17 
~. 
- - R - 
R a 
1 
1 
4 
'Rotate 
left 
A 
accumulator 


RRCA 
00001 
1 1 1 
OF 
~~ 
- - R - 
R 0 
1 
1 
4 
'Rotate 
right 


circular 
ac·, 


cumulator 
RRA 
0 a a 1 1 1 1 1 
IF 
.rT: :7lL 
~ 
- - R - 
R 0 
1 
i 
1 
4 
-Rotate 
right 


A. 
accumulator 
RLCr 
1 100 
1 a 1 1 
CB 
o 0 R P R 0 
2 
2 
.s 
'Rotate 
left 
o 0 iJOiJl_ 
r 
circular 
re·· 


RLC(HL) 
110010 
1 1 
CB 
o 0 R P 
R 0 
2 
4 
15 
gister 
r 
OOml 
1 a 
i 
r 
Reg. 


RLC(IX+d) 
1 1 a 1 1 1 a 1 
DD ,~"') 


o 0 R P 
R 0 
4 
6 ! 


23 
000 
B 


1 1 a a 1 a 1 1 
CB 
001 
C 


---d--_ 
(IX+d) 
• 


i 


010 
D 
00roo01110 
(IY+d) 
011 
E 


RLC(IY+d) 
11111 
1 a 1 
FD 
o 0 R P 
R 0 
4 
6 
! 
23 
100 
H 
1 100 
101 
1 
CB 
101 
L 


OO~~ 


111 
A 


RLs 
g[IJ'! 
lciOEriIJ o 0 R P 
R 0 
Instruction 


s~r. 
(HL). 
format 
and 


(IX+d).(IY.k{ 
states 
are 
as 
shown for 
RRCs 
m 
~ 
o 0 R P 
R 0 
RLC's. 
To 


s~r. 
(HL). 
i I 
I 
I 


form 
new 


(I X+d).(IY+<! 
I 
Op-Code 
re- 


i 
I 
place[QQQ] 


RRs 
lLLlJ 
Ll23lJ-idfl 
°IOIR 
P 
R 0 
of 
RLC's 


s~r. 
(HL). 
with 
shown 
I 
I ' 
code. 
i 
(IX+d)'(IY+Q 
; 
I 


SLAs 
m 


.._ .. 


O!r 


P 
R 0 
~ 
s~r. 
(HL). 


I 
i 
(IX+D).O:Y+<l! 


SRAs 
-- 
m 
0101R P 
~l:YJ 
R 0 


s~r. 
(HL). 
I 
i 


(IX+D).O:Y+<l! 
' I 
I 


SRLs 
m 
o-ED-ICYI 
o 0 R P 
R 0 


s.r, 
(HL), 


O:X+d).O:Y+d) 


Instruction 
Code 
1a.s 
No.of 
No.of M No.of T 
Mnemonic 
D7D,DsO,.O]D2DIDO 
Hex 
Operation 
S Z HJ.\.N 
C 
Bytes 
Cycles 
States 
Comments 


RLD 
1 1 101 
101 
ED 
~ 
o 0 R P R - 
2 
5 
18 
Rotate 
digit 


o 1 101 
111 
6F 
left 
& right 


IHL} 
between 
the 


accumulator 


~lo!oIR'P 


and 
locs 
t 10n 
RRD 
1 1 1 D 1 1 0T 


R - 
2 
5 
18 
(HL). 
The 


0 1 1 o 0 1 1 1 
67 
content 
of 


IHLI 
the 
upper 


half 
of 
the 


i 


accumulator 
1s 
unaffect- 
ed. 


Instruction 
Code 
Flags 
No. of 
No. of 
M No.of T 


Mnemonic 
D7D£,DsDl+ 
D1.D2DIDO 
Hex 
Operation 
S Z HP", N C 
Bytes Cycles 
States 
Comments 


BIT b,r 
1 100 
1 0 1 1 
CB 
Z+-rb 
X 0 S X R - 
2 
2 
! 
B 
r 
Reo. 


0 1-b 
r 
I 
000 
B 
BIT b, (HL) 
1 100 
1 0 1 1 
CB 
Z+(HL)b 
X 0 S X R 
2 
3 
12 
001 
C 


0 1 
b 
1 1 0 
010 
D 


JUT b. (IX+d)b 1 101 
1 1 o 1 
DD 
Z+(IX+d)b 
X 0 S X R - 
4 
5 
I 
20 
011 
E 


11001011 
CB 
100 
H 


----d--- 
I 
101 
L 


o 1-b 
110 
111 
A 
f------ 


1 1 1 1 1 101 
FD 
Z+(IY+d)b 
X 0 S X R - 
4 
5 
I 


20 
Bit 
BIT b.(IY+d)b 
b 
1 1 0 0 101 
1 
CB 
I 
Tested 
----d--- 
I 
000 
0 


o 1-b_ 
1 1 0 


I 


i 
i 
001 
1 


: 
010 
2 
011 
3 


100 
4 


I 


101 
5 


I 
110 
6 


111 
7 
SET b,r 
1 1 0 0 101 
1 
CB 
rb+-1 
- - - - - - 
2 
2 
8 


- 


[[]j-b 
__ 
r 


SET b, (HL) 
1 1 0 0 101 
1 
CB 
(HL)b+1 
- - - - - - 
2 
4 
15 
10I 
b 
1 1 0 


SET b. (IX+d) 1 1 0 1 1 1 0 1 
DD 
(IX+d)b+1 
- - - 
4 
6 
23 
1 1 0 0 1 0 1 1 
CB 


l~~~ 
I 


SET b, (IY+d) 1 1 1 I 1 101 
FD 
(IY+d)b+1 - - - - - - 
4 
6 
23 


1 1 0 0 1 0 1 1 
I CB 
I 
----d---' 
D--b- 
110 
i 


RES b,s 
lDr 
sb+-O 
- - - - - - 
To 
form 
new 


s.r. 
(HL), 
Op 
Code 
re- 


(IX+d) , 


! 


place []I of 
(IY+d) 
SET b,s 
with 


I)])] 
• Flags 
and 
time 
states 
for 


SET inst- 
ruction 


Instruction 
Code 
Flags 
No. of 
No. of M No.of T 


Mnemonic 
D7D6DsDit D)D2DI Do 
Hex 
Operation 
5 Z H lvN C 
Bytes 
Cycles 
States 
Comments 


JPnn 
1 1 0 0 0 0 1 1 
C3 
PC+-nn 
- - - - - - 
3 
3 
10 


----n--_ 


~-nn 


n 
cc 
Condi- 
1 1 
C C o 1 0 
If 
condi- 
- - - - - 
3 
3 
10 
tion 


_n-t 


tion 
cc 
is 


true 
PC+-nn, 
000 NZ non 
----n--- 
otherwise 
zero 
continue 
001 Z zero 


I 
010 NC non 
carry 
JRe 
000110001 
18 
PC~PC+e - - - - - - 
2 
3 
12 
011 C carry 
100 POpari- 


---------..-2--! 
I 


ty odd 


101 PE pari- 


I 
I 
I 


ty 
even 


I 
110 P sign 
positive 


I 
III 
~e~;~~ve 
I 


JR C,e 
001 
1 1 000 
I 38 
If C=O, 
- - - - - - 
2 
2 
7 
If 
condition 


I 
continue 
not 
met 
---e-2--- 


1 
If C=l, 
, 
2 
3 
12 
If 
condition 


PC~PC+e 
is 
met 
JR NC,e 
00110000 
30 
If CEl, 
- - - - - - 
2 
2 
7 
If 
condition 
continue 
not 
met 
---e-2--- 
If C=O, 
I 
2 
3 
12 
If 
condition 
PC~PC+e 
is 
met 
JR Z,e 
o 0 1 0 1 0 0 0 
38 
If Z-O, -;T 


- - - 
2 
2 
7 
If 
condition 


---e-2---: 


continue 
not 
met 
If Z=l, 
2 
3 
12 
If 
condition 
PC~PC+e 
is 
met 


JR NZ,e 
00100000 
20 
If ZEl, 
-n - - - - 
2 
2 
7 
If 
condi 
t 10n 
continue 
not 
met 


---e-2--- 
If ZEO, 
2 
3 
12 
If 
condi 
t ion 


PC~PC+e 
is 
met 


JP HL 
1 1 1 0 1 o 0 1 
E9 
PC~HL 
- - - 
- 
1 
1 
4 


JP\IX) 
1 1 0 1 1 1 0 1 
DD 
PC+-IX 
- - 
2 
2 
8 


1 1 1 0 1 o 0 1 
E9 


JP(IY) 
1 1 1 1 1 1 0 1 
FD 
PC~IY 
- - - - - - 
2 
2 
8 


1 1 1 0 100 
1 
E9 


DJNZ,e 
''''''''1'' 


B+-B-l 
- 
2 
2 
8 
If BEO 
-e-2--- 
If BEO, 


I 


continue 
If B~O, 
2 
3 
13 
If B~O 


PC~PC+e 


Notes: 
e 
represents 
the 
extension 
in 
the 
relative 
address in 
mode. 
e 
1s 
a 
signe 
two 
5 com- 
gaa~:~~ 


Flag 
Notation: 


Instruction 
Code 
Flags 
No. of 
No.of M No.of T 


Mnemonic 
D7D6DSDIj 
D]D2Dl 
Do 
Hex 
Operation 
S Z HIJv N C 
Bytes 
Cycles 
States 
COrmJents 


CALLnn 
1 100 
1 1 0 1 
CD 
(SP-1)+PCH - - - - - - 
3 
5 
17 
____ 
n___ 
(SP-2)+PCL 
I 


n 
PC+nn 


CALLcc,nn 
1 1 
c c 
100 
If 
condi- 
- - - - 
3 
3 
10 
If 
cc 
is 


tion 
cc 
is 
false 
____ 
n___ 
false 
con- 
I 
3 
5 
17 
If 
cc 
is 


I~~~~~ise 
I 
true 
____ 
n ___ 


I 
same 
is 
CALLnn 


RET 
1 1 001001 
C9 
PCL+(SP) 
- - - - - - 
1 
3 
10 


- 
PCW(SP+1) 
RETcc 
1 1 
c c 
o 0 0 , 
If 
condi 
- 
-1- 
- 


I 


1 
1 
5 
If 
cc 
is 


tion 
cc 
is 
false 


I 


false 
con- 
I 
I 
1 
3 
11 
If 
cc 
is 
I 


tinue, 
: 
I 
I 
I 


true 


I 


otherwise 
I 
Condi- 


I 
cc 
same 
as 
tion 
j 
RET 
I 
i 
000 NZ non 


RETI 
1 1 1 0 1 1 0 1 
! 
ED 
Return 
froml- - -1- - - 
2 
4 
14 
zero 
001 Z 
zero 
0 1 o 0 1 1 0 1 : 4D 
Interrunt 
010 
NC non 
RETN* 
1 1 1 0 1 1 0 1 ! ED 
Return 
frOmt 
- -!-- 
2 
4 
14 
carry 
0 1 o 0 0 1 0 1 I 45 :~~em~:~- 
I 


' 
I 


I 


011 
C carry 


I 
I 
! 


100 PO pari- 


I 
terrupt 
i 
~t~~~i- 
i 
101 
RSTp 
1 1 + t ~ 1 1 1 
lSP-l)+PCH 1- - - 
- 
1 
3 
11 
ty 
even 


I 


(SP-2)+PCL 
I 


I 


110 P sign 


I 


PCH+O 
I 
positive 


: 
PCLry 
111 M sign 


I 


i 


negative 


! 
t 


I 
000 OOH 


i 
i 


001 OSH 
010 
10H 


, 
i 


011 ISH 


I 
, 
I 
100 20H 


I 
: 
I 


101 2SH 


I 


110 30H 


i 
I 
111 3SH 


Instruction 
Code 
Fla 
s 
No. of 
No. of M No. of T 


Mnemonic 
D7D6DsDltD1D2D1 
Do 
Hex 
Operation 
5 
Z H P,I,I N C 
Bytes 
Cycles 
States 
Conunents 


- 


IN A, (n) 
1 101 
101 
1 
DB 
A~(n) 
- - - - - - 
2 
3 
11 
n to Ao""A7 


n 
cc 
"to Aa"'A1s 


INr, (C) 
1 1 1 0 1 1 0 1 
ED 
r~(C) 
o 0 o P 
R - 
2 
3 
12 
I C to Ao"'A7 


! 


0 1 
r 
o 0 0 
If 
r-110 


! 
only 
the 
I B to As'VA15 


I 
flags 
will 
I i 


'"' 
~' 


be affected 
, 


0 ITol 
ED 
\HL)~(C) 
Xf1X 
X 5 X 
2 
4 
16 
C to Ao'VA7 


1 0 1 0 o 0 1 0 
A2 
I><-B-1 
I I 


B to Aa'VA1S 


-----rNiR' - 
1 1 -1 


HL+-HL+1 
0 1 1 0 1 
ED 
(HL)~(C) 
X111X X 5 X 
2 
5 
21 
C to Ao'VA7 


. 1 0 1 1 o 0 1 0 
I B2 
II><-B-l 
(If 
B;O) 
B to Aa'VA1S 
, 


I 
: 
I HL+-HL+l 


! I 


2 
4 
16 


i 
I Repeat 
(If 
B-O) I 


until 
B-O 
i 


INU 
! 
! 
! U 1 1 u 1 
ED I (HL)~(C) 
Xp;1X X 5 X 
2 
4 
I 16 
C to Ao""A7 


1 0 1 0 1 o 1 0 
AA 
B~B-1 
B to Aa'VA1s 


-iHL+HL-1 
INDR 
1 1 1 0 1 1 0 1 
,ED 
(HL)+(C) - 
X!1 X X 5 X 
2 
5 
21 
C to Ao""A7 


1 0 1 1 1 0 1 o 
I BA 
B~B-1 
I 
(If 
B;O) 
B to Aa'VA15 


I 
1 
I HL+HL-1 


j 
I 
2 
4 
16 


1 Repeat 
i 
I 
(If 
B-O) 


__ ~B-O 
I 


OUT\nJ,A 
0 
- 
1- - 
--2- 
3 
11 
n to 
Ao'VA7 
1 1 
1 0 0 1 
1'~ 
- - - 
Acc 
to 
Aa'VA15 
OUT(C),r 
1 1 1 0 1 1 0 1 I ED 
(C)+r' 
-t 
-!- - 


2 
3 
12 
0 1 
r 
o 0 1 
C to 
Ao'VA7 


ED--h;:-i-1 
B to Aa'VA15 


OUTI 
1 1 1 0 1 1 0 1 
-~- 
- 
15 X 
2 
4 
16 
C to 
A o "vA 
7 


1 0 1 0 o 0 1 ~L) 
I : 


B to 
A a 'VA IS 


HL~L+l 
I 


OTIR 
1 1 1 0 1 1 0 1 
I ED 
B~B-1 
XI1!X X 15 ,X 
2 
5 
21 
C to Ao"'-A7 


I 
I (C)~(HL) 
(If 
B;O) 
1 B to A,'VA15 


1 ! B3 
HL~L+l 


' 
I 
I i 
1 0 1 1 o 0 1 
I 
I 
2 
4 
I 16 
I 
~ 
IRepeat 
I 
(IfB-D)j 


'until 
B-O ~dxxttx 
I 


OOTD 
1 1 1 0 1 1 0 1 
. ED -I (C)~(HL) 
. 
2' 
4 
16 
! C to Ao'VA7 


1 0 1 0 
1 0 11+:~ 


I 
' 
i 
! B to A a 'VA 15 


HL~HL-1 
i 
I 
' 
i 
---- 


j 


OTDR 
1 1 1 0 1lOl 
,ED 
I (C)~(HL) - . X!IIX 
X 15rx' 
2 
5 
I 21 
I C to A o 'VA 7 


1 0 1 1 1 0 1 1 ! 
BB 
IB+8-1 
(If 
B"O~I 


i B to A a "'-A 15 


I 
IHL~L-1 
I 
, 
2 
4 
16 


I 


, 
: I I i 


(If 
B-O) 
; 
i Repeat 


I 
until 
B-O 


Notes: 
CD 
If 
the 
result 
of 
8-1 
is 
zero 
the 
Z flag 
is 
set, 
otherwise 
it 
is 
reset. 


Flag 
Notation: 
- 
:;;:flag 
not 
affected, 
R - 
flag 
reset, 
S 
a- flag 
set, 
X • 
flag 
1s 
unknown, 
o - 
flag 
is 
affected 
according 
to 
the 
result 
of 
the 
operation,; 


SYHBOL 
LTEH 
RATINC 
._-----~. 


VCC 
VCC 
Supply 
Voltage 
l;oJith 
respect 
to VSS 
-0.5V 
to 7V 
---_. 


VlN 
Input 
Voltage 
-0.5V 
to VCC +0.5V 
---_._-_.------ 
PD 
Power 
Dissipation 
(TA=85°C) 
250m\, 


TSOLDER 
Soldering 
Temperature 
(Soldering 
Time 


10 see) 
260°C 


TSTG 
Storage 
Temperature 
-65°C 
to 150°C 


TOPR 
Operating 
Temperature 
_40°C 
to 85°C 


snmOL 
PARAHETER 
TEST 
CONDITlONS 
HIN. 
TYP. 
HAX. 
UNIT 


VILC 
Clock 
Input 
Low 
Voltage 
-0.3 
- 
0.6 
V 


VIHC 
Clock 
Input 
High 
Voltage 
VCC 
- 
VCC 
V 


-0.6 
+0.3 


VIL 
Inpu t Low Voltage 
-0.5 
0.8 
V 
(except 
CLK) 
- 


VIH 
Input 
High 
Voltage 
2.2 
VCC 
V 
(except 
CLK) 
- 


VOL 
Output 
Low Voltage 
IOL=2.0mA 
- 
- 
0.4 
V 


VOHI 
Output 
High 
Voltage 
(1) 
10!l=-1.6mA 
2.4 
- 
- 
V 


VOH2 
Output 
High Voltage 
(2) 
IOH=-250WA 
VCC 
- 
- 
V 
-0.8 


ILl 
Input 
Leakage 
Current 
VSS:cYIN"V CC 
- 
I 
- 
±10 
]JA 


110 
3-State 
Output 
Leakge 
VSS+0.4"VOUT:YCC 
- 
- 
±10 
WA 
Current 
in Float 


VCC=5V, "CLK=4HHz 


15 
Icn 
O,e,. "0' ""'" 
Como< I'm"'ce-O• '" 
- 
25 
mA 
VIL=0.2V 


(1) 
Vcc=5V 
I 


ICC2 
Stand-by 
Supply 
(:urrent I CLK=( 1) 
- 
0.5 
10 
WA 
VU.=VCC-0.2V 
i VIH=O. 2V 


Note 
(1) 
lCC2 
Stand-by 
Supply 
Current 
is guaranteed 
only when 
the supplied 
clock 
is stopped 
at a low 
level 
during 
T4 state 
of the 
follOl,ing machine 
cycle 
(~1l)next 
to OPcode 
fetch 
cycle 
of HALT 
instruction. 


AC 
CHARACTE 
RI STI 
CS 


TA = -40°C 
to 
85°C,I-v-c-c-=-5-V-'-. 
-10-%-1, 
Vss::: 
0 
V, 
Unless 
otherwise 
noted. 


SYMBOL 
PARAMETER 
TEST 
MIN. 
TYP. 
11AX. 
UNIT 
NUMBER 
CONDITIONS 


I 
TcC 
Clock 
Cycle 
Time 
250 i - 
DC 
ns 


2 
TwCh 
Clock 
Pulse 
Width 
(lligh) 
110 
- 
DC 
ns 


3 
TwCI 
Clock 
Pulse 
Width 
(Low) 
no 
- 
DC 
ns 


4 
TfC 
Clock 
Fall 
Time 
- 
- 
30 
ns 


5 
TrC 
Clock 
Rise 
Time 
- 
- 
30 
ns 


6 
TdCr(A) 
Clock 
t 
to 
Address 
Valid 
Delay 
- 
- 
110 
ns 


7 
TdA(MREQf) 
Address 
Valid 
to 
MREQ .f 
Delay 
65 
- 
- 
ns 


8 
TdCf 
(MREQf) 
Clock 
.f 
to 
MREQ .f 
Delay 
- 
- 
85 
ns 


9 
TdCr 
(MREQr) 
Clock 
t 
to 
MREQ t 
Delay 
- 
- 
85 
ns 


10 
TwMREQh 
MREQ Pulse 
Width 
(High) 
110 
- 
- 
ns 


II 
TwMREQI 
MREQ Pulse 
Width 
(Low) 
220 
- 
- 
ns 


12 
TdCf 
(MREQr) 
Clock 
.f 
to 
MREQ t 
Delay 
- 
- 
85 
ns 
--. 
13 
TdCf 
(ROf) 
Clock 
.f 
to 
RD 
4- Delay 
- 
- 
95 
ns 


14 
TdCr(RDr) 
Clock 
t 
to 
RD t 
Delay 
- 
- 
85 
ns 


15 
TsD(Cr) 
Data 
Setup 
Time 
to 
Clock 
t 
35 
- 
- 
ns 


16 
ThD(RDr) 
Data 
Hold 
Time 
to 
RD t 
0 
- 
- 
ns 


17 
TsWAIT(Cf) 
WAIT 
Setup 
Time 
to 
Clock 
.f 
CL=IOOpF 
70 
- 
- 
ns 
_. 
• 18 
ThWAIT(Cf) 
WAIT 
Hold 
Time 
after 
Clock 
• 
10 
- 
- 
ns 
-- 
19 
TdCr 
(Mlf) 
Clock 
t 
to 
MI 
.f 
Delay 
- 
- 
100 
ns 


20 
TdCr 
(Mlr) 
Clock 
t 
to 
MI 
t 
Delay 
- 
- 
100 
ns 


21 
TdCr(RFSHf) 
Clock 
t 
to 
RFSH 
.f 
Delay 
- 
- 
130 
ns 


22 
TdCr 
(RFSHr) 
Clock 
t 
to 
RFSH 
t 
Delay 
- 
- 
120 
ns 


23 
TdCf 
(RDr) 
Clock 
.f 
ta 
RD t 
Delay 
- 
- 
85 
ns 


24 
TdCr 
(RDf) 
Clack 
t 
to 
RD 
.f 
Delay 
- 
- 
85 
ns 
-- 
25 
TsD(Cf) 
Data 
Setup 
to 
Clock 
'" during 
50 
- 
- 
ns 
li2, 
M). 
M~ or 
M5 
Cycles 
. 
26 
TdA(IORQf) 
Address 
Stable 
prior 
to 
IORQ 
.f 
180 
- 
- 
ns 


27 
TdCr 
(IORQf) 
Clack 
t 
ta 
IORQ 
.f 
Delay 
- 
- 
75 
ns 


-~ 
28 
TdCf 
(IORQr) 
Clock 
.f 
ta 
IORQ 
t 
Delay 
- 
- 
85 
ns 


29 
TdD(W,U) 
Data 
Stable 
prior 
ta 
WR .f 
80 
- 
- 
ns 


NU~IBER 
SYMBOL 
PARAMETER 
TEST 
MIN. 
TYP. 
MAX. 
UNIT 
CONDITIONS 


30 
TdCf(WRf) 
Clock 
• 
to 
WR • 
Delay 
- 
- 
SO 
ns 


31 
'fwWR 
WR Pulse 
Width 
220 
- 
- 
ns 


32 
TdCf(WRr) 
Clock 
• 
to 
WR t Delay 
- 
- 
SO 
ns 


33 
TdD(WRf) 
Data 
Stable 
prior 
to 
WR • 


-10 
- 
- 
ns 


34 
TdCr(WRf) 
Clock 
t to 
WR • 
Delay 
- 
- 
65 
ns 


35 
TdWRr(D) 
Data 
Stable 
from 
WR t 
60 
- 
- 
ns 


36 
TdCf(HALT) 
Clock 
• 
to 
HALT t or • 
- 
- 
300 
ns 


37 
TwNMI 
NMI 
Pulse 
Width 
SO 
- 
- 
ns 


3S 
TsBUSREQ(Cr) 
BUSREQ 
Setup 
Time 
to 
Clock 
t 
50 
- 
- 
ns 


*39 
ThBUSREQ(Cr) 
BUSREQ 
Hold 
Time 
after 
Clock 
t 
10 
- 
- 
ns 


40 
TdCr 
(BUSACKf) 
Clock 
t 
to 
BUSACK 
• 
Delay 
- 
- 
100 
ns 


41 
TdCf 
(BUSACKr) 
Clock 
• to 
BUSACK t Delay 
CL -lOOpF 
- 
- 
100 
ns 


42 
TdCr(Dz) 
Clock 
t to 
Data 
Float 
Uelay 
- 
- 
90 
ns 


43 
TdCr 
(CTz) 
Clock 
~ 
Control 
Outputs 
Float 
- 
- 
SO 
ns 
Delay(MREQ.IORQ,RD,and 
WR) 


44 
TdCr(Az) 
Clock 
t to 
Address 
Float 
Delay 
- 
- 
90 
ns 


45 
TdCTr(A) 
MREO t, 
IORQ 
t, 
RD t, 
and 
WR t 
SO 
- 
- 
to 
Address 
Hold 
Time 
ns 


46 
TsRESET(Cr) 
RESET 
to 
Clock 
t 
Setup 
Time 
60 
- 
- 
ns 


*47 
ThRESET(Cr) 
RESET 
to 
Clock 
t 
Hold 
Time 
10 
- 
- 
ns 


4S 
TsINTf(Cr) 
INT 
to 
Clock 
t 
Setup 
Time 
SO 
- 
- 
ns 


*49 
ThINTr(Cr) 
INT 
to 
Clock 
t Hold 
Time 
10 
- 
- 
ns 


50 
TdMlf 
(IORQf) 
MI 
• 
to 
IORQ 
• 
Delay 
565 
- 
- 
ns 


51 
TdCf 
(IORQf) 
Clock 
• 
to 
IORQ • 
Delay 
- 
- 
S5 
ns 


52 
TdCf 
(IORQr) 
Clock 
t 
to 
IORQ t 
Delay 
- 
- 
S5 
ns 


53 
TdCf 
(D) 
Clock • to 
Data 
Valid 
Delay 
- 
- 
150 
ns 


NOTE 1) 
Timing 
Measurements 
are 
made 
at 
the 
following 
voltage. 


Input 
VIH=2. 
4V, 
VIL=O. 
4V. 
VIHC-VCC-O. 
6V, 
VILC-0.6V 


Output 
VOH=2.2V, 
VIL-O.SV 


NOTE: 
TW-Wait 
cycle added when 
necessary 


for slow ancilliary 
devices. 


T] 
TZ 
TV{ 
T~~ 


CI~OCK 


AD--AI5 


MRE(i 


WAIT 
r 


READ 


OPERATION 
DO- 


D? 
r 
r.c- 


READ 


OPERATION 


00- 
DATA 
OUT 
D7 


FIGURE 
18. 
MEMORY 
READ 
OR WRITE 
CYCLES 


Va \ 
RD 
RF.AD 
OPERATIJN 


I/o 
\ 
WR 
WR LIP. 
QPfliRAT 
I ON 


00-m 


NOTE: 1\7 =One Wait 
cycle 
automatically 


lnserted 
by CPU. 


2) Two Wait 
cycles 
automatically 


inserted 
by CPU(*). 


* Although 
NMI is an asynchronous 
inpllt, 
to 
guarantee 
its 
being 
recognized 
on the following 


machine 
cycle, 
NMI's 
falling edge 


must 
occur 
no 
later 
than 
the 
r1s1ng 
edge of the clock 
cycle preceding 


TLAST' 


T = An arbitrary 
clock 
cycle used 
by 
X 
requesting 
device. 


CWCK 
M~l 
1'4 
1T1 
1'2 
M1T3 
1'4 
11'1 
1'2 
MJ 


1iALT 


Halt.Jnstruct 
~ 
a* 
ReceIved 
. 
_ 
NMI 
---------- 


NOTE: 
INT will 
also 
force 
a Halt 
* See note, 
Figure 
19. 


exit. 


Note) 
Lead 
pitch 
is 2.54 
and 
tolerance 
is to.25 
against 
theoretical 
center 
of 
each 
lead 
that 
is obtained 
on 
the 
basis 
of 
No.1 
and 
No.40 
leads. 


The 
TMPZ84COOF 
is 
CMOS 
verSion 
of 
Z80 
Microprocessora 
(hereinafter 


referred 
to 
as 
MPU), 
which 
is 
packed 
in 
a 
44-pin 
mini-flat 
package. 
The 


TMPZ84COOF 
is 
compabile 
with 
the 
TMPZ84COOP 
(DIP 
packaged 
product) 
in 
the 


functions 
and 
commands 
but 
differs 
in 
the 
pin 
connections 
and 
following 
electrical 
characteristics. 


principal 
functions 
and 
features 
of 
the 
TMP84COOF 
are 
as 
follows. 


Interchan7,eable 
with 
Toshiba 
TMPz8400P 
z80 
CMOS 
MPU 
in 
the 
functions 


and 
commanis. 


Low 
power 
Lonsumption 


lSmA 
Typ 
(SV, 
4MHz 
operation) 


10UA 
Max 
(SV, 
standby) 


DC 
to 
4MHz 
operation 
(at 
SV±lO%) 


Single 
SV 
power 
supply 


Extended 
operating 
temperature 
(-40·C 
to 8S·C) 


Powerful 
set 
of 
lS8 
commands 
available 


Powerful 
interrupt 
function 
(a) 
Non-maskable 
interrupt 
terminal 
(NMI) 


(b) 
Maskable 
interrupt 
terminal 
cINT) 
The 
following 
3 modes 
are 
selectable: 
o 
8080 
compatible 
interrupt 
mode 
(interrupt 
by 
Non-Z80 
family 
peri- 
pheral 
LSI) 
(Mode 
0) 


o 
Restart 
interrupt 
(Mode 
1) 


o 
Daisy 
chain 
interrupt 
using 
Z80 
family 
peripheral 
LSI 
(Mode 
2) 


Alternate 
register 
provided 
to 
each 
of 
general 
purpose 
registers. 
Two 
index 
registers 
10 
addressing 
modes 
Built-in 
refresh 
circuit 
for 
dynamic 
memory. 
Packaged 
in 
a 44 
pin 
mini-flat 
package. 


(8 ) 
(9) 
(10) 
OJ) 
(12) 


Further, 
in 
the 
following 
text 
and 
explanations 
for 
charts 
and 
tables, 
hexadecimal 
numbers 
are 
directly 
used 
without 
giving 
an 
identification 
to 


explanation 
of 
address, 
etc. 
to 
the 
extent 
not 
to 
cause 
confusions. 


The 
pin 
connections 
and 
I/O 
pin 
names 
and 
brief 
functions 
of 
the 
TMPz84COOF 
are 
shown 
below. 


2.1 
Pin 
connections 


The 
pin 
connections 
of 
the TMPZ84COOF 
are 
as shown 
in Fig. 
2.1. 


RESET 
MI 


RFSH 
VSS(GND) 


(ve~~ 
Al 
A2 
A3 
A< 
A5 


INT 
DI 
DO 
D'7 
D2 
VCC (5V) 
D6 
D5 
D3 
D4 
eLK 


2.2 
Pin names 
and 
functions 
I/O pin 
names 
and 
functions 
are 
as 
shown 
in Table 
2.1. 


Pin 
Name 
1Number I Input/Output 
I 
Function 
lof Pinl 
3-state 
I 


AO 
- Al5 
I 
16 
I 
Output 
I 
16-bit 
address 
bus. 


I 
I 
3-state 
I Specify 
addresses 
of memories 
and 
I/O 
to be 
I 
I 
I accessed. 
During 
the 
refresh 
period, 
ad- 


1 
I 
1 
dresses 
for refreshing 
are 
output. 


CLK 
1 
I 
Input 
I 
Single-phase 
clock 
input. 


I 
1 
I When 
clock 
input 
becomes 
DC 
state 
(conti- 
I 
I 
I nuously 
kept 
at "1" 
or "0" 
level), 
MPU 
stops 
I 
I 
I its operation 
and holds 
the 
state 
at 
that 


I 
I 
1 
time. 


DO - 07 
I 
8 
I 
I/O 
I 
8-bit 
bidirectional 
data 
bus. 
I 
I 
3-state 
I 


I 
I 
I Maskable 
interrupt 
request 
signal. 


INT 
I 
I 
Input 
I Interrupt 
is started 
by peripheral 
LSI. 


I 
I 
I This 
signal 
is accepted 
if the 
interrupt 
I 
I 
I enable 
flip-flop 
(IFF) 
is set at 
"1". 
INT 
I 
I 
I 
I is normally 
used 
on Wired-OR. 
In this 
case, I 


I 
I 
I a pull-up 
resistor 
is connected. 
I 


[NumberIInput/Outputl 
of Pin I 
3-state 
I 
I 
I 
[ 
Input 
I 
I 
I 
I 
I 
[ 
I 
I 
I 
I 
Output 
I 
I 
I 
I 
Output 
I 
I 
3-state 
I 
I 
I 
I 
I 
Output 
3-state 


Output 
3-state 


Output 
3-state 


Non-maskable 
interrupt 
request 
signal. 


This 
interrupt 
request 
has 
the higher 


priority 
than 
the maskable 
interrupt 
re- 


quest 
and 
does 
not 
rely 
upon 
the 
state 
of 


the 
interrupt 
enable 
flip-flop 
(IFF). 


Ha 1t signa 1. 
MPU 
execute 
HALT 
instruction 
and when 
the 


halt 
state 
is resulted, 
"0" 
is output. 


Memory 
request 
signal. 
When 
an effective 
address 
for memory 
access 


is on the 
address 
bus, 
"0" 
IS OUTPUT. 
In 


addition, 
"0" 
is output 
together 
with 
RFSH 


si nal 
durin 
the memor 
refresh 
eriod. 


I/O request 
signal. 
When 
addresses 
for 
I/O are 
on 
the 
lower 


8 bits 
(AO - A7) 
of 
the 
address 
bus 
in the 


I/O operation, 
"0" 
is output. 
In addition, 


IORQ 
signal 
is output 
together 
with 
Ml 


signal 
at 
time 
of 
interrupt 
acknowledge 


cycle 
to inform 
peripheral 
LSI 
of 
the 
state 


that 
the 
interrupt 
response 
vector 
may 
be 


put 
on 
the data 
bus. 
Read 
signal 
"0" 
signal 
is output 
for a period 
when 
MPU 


can 
receive 
data 
from 
a memory 
or peripheral I 
LSl, 
It is possible 
to put 
data 
from 
a 
I 
specified 
peripheral 
LSI 
or mamory 
on the 
I 


MPU 
data 
bus 
after 
gating 
by 
this 
signal. 
I 


Write 
signal. 
I 


This 
signal 
is output 
when 
data 
to be 
I 


stored 
in a specified 
memory 
or 
peripheral 
I 


LSI 
is on 
the MPU 
data 
bus. 
I 


Bus 
acknowledge~l. 
I 


In response 
to BUSREQ 
signal, 
this 
signal 
I 


informs 
a peripheral 
LSI 
of 
the 
fact 
that 
I 


the 
address 
bus, 
data 
bus, 
MREQ, 
IORQ, 
RD 
I 


and WR 
signals 
have 
been 
placed 
in the high 
I 


impedance 
state. 
I 


Wa its 
igna 1. 
I 


WAIT 
signal 
is a signal 
to 
inform 
MPU 
of 
I 


specified 
memory 
or peripheral 
LSI which 
I 


is not 
ready 
for data 
transfer. 
As 
long 
I 


as WAIT 
signal 
as at "0" 
level, 
MPU 
is 
I 


continuously 
kept 
in the wait 
state. 
I 


Bus request 
signal. 
I 


BUSREQ 
signal 
is a signal 
requestin~ace- 
I 


ment 
of 
the 
address 
bus, 
data 
bus, 
MREQ, 
I 


IORQ, 
RD 
and WR 
signals 
in the high 
imped- 
I 
ance 
state. 
BUSREQ 
signal 
is normally 
I 
used 
on wired-OR. 
In this 
case, 
a pull-up 
I 


resistor 
is connected. 
1 


The 
operation 
of 
the TMPZ84COOF 
MPU 
is identical 
to that 
of 
the TMPZ84COOP 


MPU. 
Refer 
to Section 
3 Descripton 
of Operation 
for 
the "TMPZ84COOP". 


1 
Symbol 
1 
Item 
Rating 
I 
Unit 
I 
VCC 
I 
Supply 
Voltage 
I 
-0.5 
to +7 
I 
V 
1----------1-----------------------------------1--------------------1------ 
I 
VIN 
I 
Input 
Voltage 
I 
-0.5 
to Vcc 
+ 0.5 
I 
V 


1----------1-----------------------------------1--------------------1------ 
1 
PD 
1 
Power 
Dissipation 
(TA=85°C) 
I 
250 
1 
mW 
1----------1-----------------------------------1--------------------1------ 
I 
TSOLDER 
I 
Soldering 
Temperature 
(10 
sec) 
1 
260 
I·c 
1----------1-----------------------------------1--------------------1------ 
1 
TSTG 
1 
Storage 
Temperature 
I 
-55 
to 
125 
I·c 
1----------1-----------------------------------1--------------------1------ 


1 
TOPR 
1 
Operating 
Temperature 
1 
-40 
to 
85 
I 
·C 


DC Electrical 
Characteristics, 
AC Electrical 
Characteristics, 
Capacity 
and 


Timing 
Diagram 
of 
the TMPz84COOF 
are 
identical 
to those 
of 
the TMPZ84COOP. 


Refer 
to the chapter 
for 
the TMPZ84COOF. 


The TMPZ84COIF 
if an 8-bit microprocessor 
(hereinafter referred to as MPU) 
with 
a 
built-in 
clock 
generator/controller, 
which 
provides 
low 
power 
operation and high performance. 
Built 
into the TMPz84COIF 
are 
a control 
function and 
clock generator 
for 
the 
standby 
function 
in addition 
to paired 
6 
general 
purpose 
registers, 


accumulator, 
flag 
registers, 
an 
arithmetic-and-logic 
unit, 
bus 
control, 
memory control and timing control circuits. 
The TMPZ84C01F 
is fabricated using Toshiba's 
CMOS Silicon Gate 
Technology 


and molded 
in a 44-pin mini-flat 
package. 


(10) 
(11) 
(12) 
(13) 
(14) 


The principal functions and features of the TMPZ84COIF are as follows. 
(1) 
Commands compatible with the Zilog Z80 MPU. 


(2) 
Low power consumption 
l5mA Typ (SV, 4MHz under RUN mode) 


lrnATyp 
(SV, 4MHz under IDLEI mode) 
3mA Typ (SV, 4MHz under IDLE2 mode) 
O.SUA Typ (SV under STOP mode) 
DC to 4MHz operation 
(at SVtlO%) 


Single SV power supply (at 5V±10%) 
Operating 
temperature 
(-40'C to 85'c) 
On-chip clock generator 
In the HALT state, the following 4 modes are selectable: 
o 
RUN mode 
o 
IDLE 1 mode 
o 
IDLE 2 mode 


o 
STOP mode 
In 
the following 
explanation 
for 
the 
same 
content, 
IDLEI 
Mode 
and 
IDLE2 


Mode are referred to as IDLEl/2. 
(8) 
Powerful set of 158 instructions available 
(9) 
Powerful 
interrupt function 
(a) 
Non-maskable 
interrupt terminal (NMI) 
(b) 
Maskable 
interrupt terminal (INT) 


The following 3 modes are selectable: 
o 
8080 compatible 
interrupt mode 
(interrupt by Non-Z80 
family peri- 
pheral LSI) 
(Mode 0) 
Restart 
interrupt 
(Mode 1) 
Daisy chain 
structure interrupt 
using Z-80 family peripheral 
LSI 
(Mode 2) 
An auxiliary 
register provided to each of general purpose registers. 
Two index registers 
10 addressing modes 
Built-in refresh circuit 
for dynamic memory. 


Molded in 44-pin mini 
flat package 


Further, 
in 
the 
following 
text 
and 
explanations 
for 
charts 
and 
tables, 
hexadecimal 
numbers 
are directly used without 
giving an identification 
to 


explanation of address, etc. to the extent not to cause confusions. 


The 
pin 
connections 
and 
I/O 
pin 
names 
and 
brief 
functions 
of 
the 


TMPz84C01F 
are 
shown 
below. 


2.1 
Pin 
connections 
The 
pin 
connections 
of 
the TMPZ84C01F 
are 
as shown 
in Fig. 
2.1. 


2.2 
Pin 
names 
and 
functions 


I/O pin 
names 
and 
functions 
are 
as 
shown 
in Table 
2.1. 


Pin 
Name 
INumber I Input/Output I 
Function 
lof Pinl 
3-state 
I 


AO 
- Al5 
I 
16 
I 
Output 
I 
16-bit 
address 
bus. 


I 
I 
3-state 
I 
Specify 
addresses 
of memories 
I 
I 
I accessed. 
During 
the 


I 
I 
I dresses 
for refreshin 


MS1, 
MS2 
2 
i 
Input 
I Mode 
selection 
input. 
I 
lOne 
of 4 modes 
(RUN, 
IDLE1/2, 
STOP) 
is 


I 
I selected 
according 
to the 
state 
of 
these 
2 


I 
I pins 


DO - D7 
8 
I 
I/O 
I 
8-bit 
bidirectional 
data 
bus. 
I 
3-state 
I 
I 
I Maskab1e 
interrupt 
request 
signal. 
INT 
I 
Input 
I 
Interrupt 
is generated 
by peripheral 
LsI. 


I 
I This 
signal 
is accepted 
if the 
interrupt 


I 
I enable 
flip-flop 
(IFF) 
is set at "1". 


I 
I INT 
is normally 
used 
on Wired-OR. 
In this 


I 
I case, 
a pull-up 
resistor 
is externally 


I 
I connected. 


INumber I Input/Output 
I 
lof Pinl 
3-state 
I 
I 
I 
I 


I 
I 
Input 
I 
I 
I 
I 


I 
I 
I 


HALT 
Output 


Output 


MREQ 
3-state 


Output 


IORQ 
3-state 


Output 
3-state 


Output 
3-state 


I 
I 


Non-maskable 
interrupt 
request 
signal. 
I 


This 
interrupt 
request 
has 
the higher 
I 


priority 
than 
the maskable 
interrupt 
re- 
I 


quest 
and 
does 
not 
rely 
upon 
the 
state 
of 
I 


the 
interru 
tenable 
fli -flop 
(IFF). 
I 
Halt 
signal. 
I 
MPU 
execute 
HALT 
instruction 
and when 
the 
I 


halt 
state 
is re"sulted, "0" 
is output. 
I 


Memory 
request 
signal. 
I 


When 
an effective 
address 
for memory 
access 
I 


is on 
the address 
bus, 
"0" is output. 
I 


I/O 
request 
signal. 
I 
When 
addresses 
for I/O 
are 
on 
the 
lower 
I 


8 bits 
(AO - A7) 
of 
the address 
bus 
in the 
I 


I/O 
operation, 
"0" is output. 
In addition, 
I 


IORQ 
signal 
is output 
together 
with 
MI 
I 


signal 
at 
time 
of 
interrupt 
acknowledge 
I 


cycle 
to inform 
peripheral 
LSI 
of 
the 
state 
I 
that 
the 
interrupt 
response 
vector 
may 
be 
I 
put 
on 
the data 
bus. 
I 


Read 
signa I 
I 


"0" signal 
is output 
for a period 
when 
MPU 
I 
can 
receive 
data 
from 
a memory 
or peripheral I 


LSI. 
It is possible 
to put 
data 
from 
a 
I 


specified 
peripheral 
LSI 
or mamory 
on 
the 
I 


MPU 
data 
bus 
after 
gating 
by 
this 
signal. 
I 
Write 
signal. 
I 
This 
signal 
is output 
when 
data 
to be 
I 


stored 
in a specified 
memory 
or peripheral 
I 


LSI 
is on 
the MPU 
data 
bus. 
I 


Bus 
acknowledge 
signal. 
I 


In response 
to BUSREQ 
signal, 
this 
signal 
I 
informs 
a peripheral 
LSI 
of 
the 
fact 
that 
I 


the address 
bus, 
data 
bus, 
MREQ, 
IORQ, RD 
I 
and Wi 
signals 
have 
been 
placed 
in the high 
I 


impedance 
state. 
I 


Wait 
signal. 
I 


WA'i'T 
signal 
is a signa I to inform 
MPU 
of 
I 


specified 
memory 
or peripheral 
LSI which 
I 
is not 
ready 
for data 
transfer. 
As 
long 
I 


as WA'i'T 
signal 
as at "0" level, 
MPU 
is 
I 
continuously 
kept 
in the wait 
state. 
I 


Bus 
request 
signal. 
I 


BUSREQ 
signal 
is a signal 
requestin£-p!ace- 
I 


ment 
of 
the address 
bus, 
data 
bus, 
MREQ, 
I 


IORQ, 
RD and WR 
signals 
in the high 
imped- 
I 


ance 
state. 
BUSREQ 
signal 
is normally 
I 


used 
on wired-OR. 
In 
this 
case, 
a pull-up 
I 


resistor 
is externally 
connected. 
I 


XTAL 
1 


(XIN) 


XTAL 
2 


(xom) 


VCC (1), 
( 2) 


I Number I Input/Output 
I 
lof Pinl 
3-state 
I 
I 
I 
I 
I 
I 
Input 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 
IPower 
I 
I 
I 
I Power 
I 


Input 
Output 


I 
I 
supplyl 
I 
I 
I 
supplyl 
I 


I 
I 


Reset 
signa 1. 
I 


RESET 
signal 
is used 
for 
initialization 
I 


MPU 
and must 
be kept 
in active 
state 
("0") 
I 


for a 
eriod 
of at 
least 
3 clocks. 
I 


Signal 
showing 
machine 
cycle 
1. 
I 


"0" 
is output 
together 
with 
MREQ 
signal 
in 
I 


the 
operation 
code 
fetch 
sycle. 
I 


This 
signal 
is output 
for every 
opcode 
I 


fetch 
when 
2 byte 
opcode 
is executed. 
I 


In the maskable 
interrupt 
acknowledg~cle, 
I 


this 
signal 
is output 
together 
with 
IORQ 
I 


signal. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Single-phase 
clock 
output. 
When 
the HALT 
instruction 
in STOP 
Mode 
is 


executed, 
MPU 
stops 
its 
operation 
and 
holds 


clock 
output 
at 
"0" 
level. 


+5v 
Connect 
39 pin 
and 
17 pin 
externally. 


The 
system 
configuration, 
functions 
and 
basic 
operation 
of 
the 
TMPZ84C01F 


are 
described 
here. 


MSI 
MS2 
CLK 
AO-Al5 


VCC 
ADDRESS 
BUS 
OUTPUT 
CIRCUIT 
0: 
"",0 
'" ... 
ACCUMULATOR(A) ACCUMULATOfi(A) 
XTAL2 
.• '" 
&j::J 
FLUG(F) 
F'LUG(F') 
"'H 
"0 
B REGISTER 
B'RIDISTER 
HOO 


XTALI 
0 
C REGISTER 
C'REGISTER 


D REGISTER 
D'REGISTER 
E REGISTER 
E'REGISTER 


H 
REXlISTER 
H'REGISTER 


L REOISTER 
L'REOISTER 
., 
IX 
REGISTER 
VSS 


0 
'" 
IY 
REGISTER 
'"' 
DO-D7 
0:., 
STACK 
POINTER(SP) 
...~ 
PROGRAM 
COUNTER(PC) 


00 
TEMPORARY 
REO ISTER 
VCC 
"'" 
5 
INCREMENT/'DECREMENT 
'"... 
H 


'" 
... 
" 
0" 
0: 
0: 
... 
INSTRUCTION 
..,0 


OJ 
@i 
.. 
H 
DECODER 
Zz 
g~ 


RESET 
8~ 
00 
•• 
CONTROL 
~8 


SIGNAL 
TO 
00 
INTERNAL 


Ml 


3.2 
System 
configuration 
The 
TMPZ84C01F 
has 
a 
built-in 
system 
clock 
generator 
for 
CMOS 
Z80 
in 
addition 
to the 
standard 
functions 
of 
the TMPZ84COOP 
CMOS 
z80 MPU. 


The 
explanation 
is 
provided 
here 
with 
emphasis 
placed 
on 
the 
halt 
function 
relative 
to 
the 
clock 
generator, 
which 
is 
an 
additional 
function. 
The 
internal 
register 
group, 
reset 
and 
interrupt 
function 
are 
identical 
to 
those 
of 
the 
TMP84COOP. 
For 
details 
please 
refer 
to 
the 
data 
sheet 
for 
the TMPz84COOp. 


In 
this 
section, 
the 
following 
principal 
compoments 
and 
functions 
will 
be 
described. 
(1) 
Generation 
of 
clock 


(2) 
Operation 
mode 


(3) 
Warming-up 
time 
at 
time 
of restart 


3.2.1 
Generating 
the 
system 
clock 
The 
TMPz84C01F 
has 
a built-in 
oscillation 
circuit 
and 


be easily 
generated 
by 
connecting 
an oscillator 
to the 
(XTAL1, 
XTAL2). 
Clock 
in 
the 
same 
frequency 
as 
frequency 
is generated. 


Examples 
of 
oscillator 
connection 
are 
shown 
in Fig. 
3.2. 


required 
clock 
can 
external 
terminals 


input 
oscillation 


3.2.2 
Operation 
modes 
There 
are 
4 
kinds 
of 
operations 
modes 
available 
for 
the 
TMPZ48C01F 
in 
connection 
with 
generation 
of 
clock; 
RUN 
Mode, 
IDLE1/2 
Modes 
and 
STOP 
Mode. 
One 
of 
these 
modes 
is 
selected 
by 
the 
mode 
select 
inputs 
(MS1, 
MS2). 
The 
operation 
mode 
is effective 
when 
the halt 
instruction 
is executed 
and 
when 
the 
halt 
instruction 
is 
not 
executed, 
clock 
is 
supplied 
continuously. 
Restart 
of MPU 
from 
the 
stopped 
state 
under 
IDLE1/2 
Mode 
or 
STOP Mode 
is effected 
by 
inputting 
either 
RESET 
signal 
or 
interrupt 
signal 
(INT 
or NMI). 


IOperation 
I RUN Mode 
I 
I IDLE 1 Mode 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I STOP Mode 
I 
I 
I 
I 


Model MSI 
I 
1 
I 


Description at HALT State 
MPU 
continues 
the 
operation 
and 
supplies 
clock 
to 
the 
outside 
continuousl 
• 
The 
internal 
oscillator's 
operation 
only 


is continued and clock (CLK) output as 
well 
as 
internal 
operation 
are 
stopped 
at 


"0" level of T4 state in the halt instruc- 
tion 
0 
eration 
code 
fetch 
c 
cle. 
The 
internal 
osclilator 
5 operatIon 
and 
clock (CL~) output are continued but the 
internal 
operation 
are 
stopped 
at 
"0" 
level of T4 state in the halt 
instruction 


operation code fetch cycle. 
All operations of the internal oscillator, 
clock (CLK) output, and internal operationl 
are stopped at "0" level of T4 state in 
I 


the 
halt 
instruction 
operation 
code 
fetch 
I 


cycle. 
I 


3.2.3 
Warming-up 
time at time of restart 
(STOP Mode) 
When 
MPU 
is 
released 
from 
the 
halt 
state 
by 
accpeting 
an 
interrupt 


request, 
MPU, 
then, 
will 
execute 
an 
interrupt 
service 
routine. 


Therefore, 
when 
an 
interruption 
request 
is 
accepted, 
MPU 
starts 
generation 
of 
internal 
system 
clock 
and 
clock 
output 
after 
a 
warming-up 


time by the internal counter 
(2**14+2.5) TcC (TcC: Clock Cycle) 
to obtain 
a stabilized oscillation 
for MPU operation. 


Further, 
in 
case 
of 
the 
restart 
by 
RESET 
signal, 
the 
internal 
counter 
does 
not 
operate 
for 
a 
quick 
operation 
at 
time 
of 
power 
ON. 


3.3 
Status change flowchart and basic timing 
In this section, 
the status 
change 
and basic 
timing when 
the TMPZ84COIF 
is 
operating 
are 
explained. 


TW* 


Tw* 


T2 


) TW 
TW 


CLOCK 
OUTPUT 
STOP 


INTERNAL OPERATION 


STOP 


INTERNAL 
OSCILLATIOM 
STOP 
(CLOCK OUTPUT 
STOP) 


INTERNAL 
OPERATION 
STOP 


INTERNAL 


OPERATION 
STOP 


INTERNAL 
SYSTEM 
CLOCK RESTART 


CLOCK 
OUTPUT 
RESTART 
ONLY 
STOP,IDLEl 


3.3.2 
Basic 
timing 
The 
basic 
timing 
is 
explained 
here 
with 
emphasis 
placed 
on 
the 
halt 


function 
relative 
to 
the 
clock 
generator. 
Except 
~ 
signal 
output, 
the 
following 
iterns are 
idne tica I 
to 
those 
for 
the 
TMP Z84COOP. 
Refer 
to 
the 
data 
sheet 
for 
the 
TMPZ84COOP. 


o 
Operation 
code 
fetch 
cycle 
o 
Memory 
read/write 
operation 


o 
Input/output 
operation 
o 
Bus 
request/acknowledge 
operation 


o 
Maskable 
interrupt 
request 
accepting 
operation 
o 
Non-maskable 
interrupt 
request 
accepting 
operation 
o 
Reset 
operation 


Note 
that 
the 
TMPz84C01F 
does 
not 
have 
the 
refresh 
terminal 
(RFSM) 
but 


refresh 
address 
is 
output 
on 
the 
address 
bus 
in 
the 
operation 
code 
fetch 
cycle 
(MU) as 
in 
the 
TMPZ84COOP 
since 
the 
on-chip 
refresh 
control 
circuit 


is 
available. 


(1) 
Operation 
when 
HALT 
instruction 
is 
execution 


When 
MPU 
fetches 
a 
halt 
instruction 
in 
the 
operation 
code 
fetch 
cycle, 


HALT 
signal 
goes 
active 
(low 
level) 
in 
synchronous 
with 
falling 
edge 
of 


T4 
state 
for 
the 
peripheral 
LSI 
and 
MPU 
stops 
the 
operation. 
The 
system 
clock 
generating 
operation 
after 
this 
differs 
depending 
upon 
the 
operation 
mode 
(RUN 
Mode, 
IDLE1/2 
Mode 
or 
STOP 
Mode). 
If 
the 
internal 
system 
clock 
is 
running, 
MPU 
continues 
to 
execute 
NOP 
instruction 
even 
in 


the 
halt 
state. 


(a) 
RUN 
Mode 
(MSI=l, 
MS2=1) 
Shown 
in 
Fig. 
3.4 
is 
the 
basic 
timing 
when 
the 
halt 
instruction 
is 
executed 
in 
RUM 
Mode. 


In 
RUN 
Mode, 
system 
clock 
(~) 
in 
MPU 
and 
clock 
output 
(CLK) 
to 
the 


outside 
of 
MPU 
are 
not 
stopped 
even 
after 
the 
halt 
instruction 
is 
executed. 
Therefore,until 
the 
halt 
stae 
is 
released 
by 
the 
interrupt 
signal 
(MNI 
OR 
INT) 
or 
RESET 
signal, 
MPU 
continues 
to 
execute 
NOP 
instruction. 


Ml 
CYCLE ..J.---- 
Ml 
CYCLE 
----~r 
Ml 
CYCLE 


T4 
ITl 
T2 
T3 
T4 
I T1 
T2 
T3 


~-~~ 


HALT 
OP CODE 


FET_C_H_C_Y_C_L_E_<' 
~I 
~_N_OP_EX~~UT ION 
Lo_p_,_:X_E_'_C_UT_I_O_N 
_ 


(b) 
IOLEl 
Mode 
(MSl=O, 
MS2=O) 
Shown 
in 
Fig. 
3.5 
is 
the 
basic 
timing 
when 
the 
halt 
instruction 
is 
executed 
in IOLEl 
Mode. 


In 
IOLEl 
Mode, 
system 
clock 
(6) in MPU 
and 
clock 
output 
(CLK) 
to the 
outside 
of 
MPU 
are 
stopped 
and 
MPU 
stops 
its 
operation 
after 
the 
halt 


instruction 
is exeduted. 


However, 
the 
internal 
oscillator 
continues 
to operate. 


¢(INTERNAL 


SYSTEM 
CLOCK) 


HALT 


III 


HALT 
COMllAND OPERATION 
CODE FETCH 
CYCLE 


(c) 
IOLE2 
Mode 
(MSl=O, 
MS2=l) 
Shown 
in 
Fig. 
3.6 
is 
the 
basic 
timing 
when 
the 
halt 
instruction 
is 
executed 
in IOLE2 
Mode. 


In IOLE2 
Mode, 
system 
clock 
(6) 
in MPU 
is stopped 
and 
MPU 
stops 
its 
operation 
after 
the halt 
instruction 
is executed. 


However, 
the 
internal 
oscillator 
and 
clock 
output 
(CLK) 
to 
the 
outside 
of MPU 
continues 
to operate. 


CLOCK)~ 


HALT ----t 
~-----------""'J.~' 
------- 


Fig. 
3.6 
IOLE2 
Mode 
Timing 
(at Halt 
Instruction 
Execution) 


MPUZ80-87 


(d) 
STOPMode (MS1=1, MS2=0) 
Shown in 
Fig. 
3.7 
is 
the 
basic 
timing 
when the 
halt 
instruction 
is 


executed 
in STOPMode. 
In 
STOP Mode, internal 
operation 
and 
internal 
oscillator 
are 
stopped 


after 
the 
halt 
instruction 
is 
executed. 
Therefore, 
system 
clock 
(~) 
in 


MPUand clock 
output 
(eLK) to 
the 
outside 
of MPUare 
stopped. 


~ 
MP_U_O_P_ER_A_T_I_O_N_S_T_O_P 
__ 


I 
HALT 


I--~ODE 


(2) 
Release 
from halt 
state 
The halt 
state 
of MPUis 
released 
when "0" 
is 
input 
to 
RESET signal 
and 


MPUis 
reset 
or 
an 
interrupt 
request 
is 
accepted. 
An interrupt 
request 
signal 
is 
sampled 
at 
the 
leading 
edge 
of 
the 
last 
clock 
cycle 
(T4 state) 


of NOPinstruction. 
In 
case 
of 
the 
maskable 
interrupt, 
interrupt 
will 
be 
accepted 
by 
an 
active 
INT 
signal 
("0" 
level). 
In 
case 
of 
the 


non-maskable 
interrupt, 
if 
the 
internal 
NMI F/F 
which 
is 
set 
at 
the 


leading 
edge 
of 
ilMI signal 
is 
set 
to 
"1", 
the 
interrupt 
is 
accepted. 


However, 
in 
case 
of 
the 
maskable 
interrupt, 
the 
interrupt 
enable 


flip-flop 
must 
have 
been 
set 
to 
"1". 
The accepted 
interrupt 
process 
is 
started 
from next 
cycle. 


Further, 
when the 
internal 
system 
clock 
is 
stopped 
(IDLE1/2 
Mode, 
STOP 


Mode), 
it 
is 
necessary 
first 
to 
restart 
the 
internal 
system 
clock. 
The 


internal 
system 
clock 
is 
restarted 
when RESETor 
interrupt 
signal 
(NRI or 


rnT) 
is 
input. 


(a) 
RUMMode (MS1, MS2=1) 
The halt 
release 
operation 
by acceptance 
of 
interrupt 
request 
in 
RUN 


Mode is 
shown in Fig. 
3.8. 
In RUNMode the 
internal 
system 
clock 
is 
not 
stopped 
and therefore, 
if 


the 
interruption 
signal 
is 
recognized 
at 
the 
rise 
of 
T4 state 
of 
the 
continued 
NOPinstruction, 
MPUwill 
executes 
the 
interrupt 
process 
from 


next 
cycle. 


The 
halt 
release 
operation 
by 
resetting 
MPU 
in 
RUN 
Mode 
is 
shown 
in 


Fig. 
3.9. 
After 
reset, 
MPU 
will. execute 
an 
instruction 
starting 
from 
address 
OOOOH. 
However, 
in order 
to 
reset 
MPU 
it 
is necessary 
to keep 


RESET 
signal 
at "0" 
for at 
least 
3 clocks. 
In addtion, 
if RESET 
signal 


becomes 
"1", 
after 
the dummy 
cycle 
for at 
least 
2T 
states, 
MPU 
executes 
an 
instruction 
from 
address 
OOOOH. 


T4 
Tl 
T2 
Tl 
T2 


CLK 
~ 


q,(INTERNAL 


~ 


SYSTEM 
CLOCK) 


HALT 
~ 


Ml 
~ 


m.rr 


INT 


Fig. 
3.8 
Halt 
Release 
Operation 
Timing 
by 


Interrupt 
Request 
Signal 
in RUN Mode 


EXECUTE 
IN STRUC nON 
IADDRESS 
OOOOH 


T4 
~Jl-JLnJ1..S1JLILJ 
~Jl-JLnS1--JLJLJLJ 


HALT 
~," 
~II 


Fig. 
3.9 
Halt 
Release 
Operation 
Timing 
by 
Reset 
in RUN Mode 


The 
halt 
release 
operation 
by 
interrupt 
signal 
in 
IDLEl 
Mode 
is 
shown 
in Fig. 
3.10 
(a) and 
in IDLE 
2 Mode 
in Fig. 
3.10 
(b). 
When 
receiving 
NMI 
or 
INT 
signal, 
MPU 
starts 
the 
internal 
system 
clock 


operation. 
In 
IDLEl 
Mode, 
MPU 
starts 
clock 
output 
to 
the 
outside 
at 


the 
same 
time. 
The 
operation 
stop 
of 
MPU 
in 
IDLEl/2 
Mode 
is 
taken 


place 
at 
"0" 
level 
during 
T4 
state 
in 
the 
halt 
instruction 
operation 


code 
fetch 
cycle. 
Therefore, 
after 
restarted 
by 
the 
interruption 


signal, 
MPU 
executes 
one 
NOP 
instruction 
and 
samples 
an 
interrupt 


signal 
at 
the 
rise 
of 
T4 
state 
during 
the 
execution 
of 
this 
NOP 


instruction, 
and 
executes 
the 
interrupt 
process 
from 
nect 
cycle. 


_______ 
+ __ J-MPU 
INTRRNAI~ 


I 
LATCH 
FOR 
NMI 


I 


T4 


CLK~ 


f/J 
(INTERNAL 
n 


SYSTEM 
CLOCK) 
---l 
~ 


HALf~ 


I 
J----- 
MPU 
INTERNAL 


--------,..-- 
LATCH 
FORNMI 


I 
I 


Fig. 
3.10 
Halt 
Release' Operation 
Timing 
by 
Interrupt 
Request 
Signal 
in IDLE1/2 
Mode 


If 
no 
interrupt 
signal 
is 
accepted 
during 
the 
execution 
of 
the 
first 


NOP 
instruction 
after 
the 
internal 
system 
clock 
is 
restarted, 
MPU 
is 


not 
released 
from 
the halt 
state 
and 
is placed 
in IDLE1/2 
Mode 
again 
at 
"0" 
level 
during 
T4 
state 
of 
the NOP 
instruction, 
stopping 
the 
internal 
system 
clock. 
If 
INT 
signal 
is 
not 
at 
"0" 
level 
at 
the 
rise 
of 
T4 


state, 
no 
interrupt 
request 
is accepted. 


The 
halt 
release 
operation 
by 
resetting 
MPU 
in 
IDLEl 
Mode 
is 
shown 
in 


Fig. 
3.11 
(a) and 
that 
in IDLE2 
Mode 
in Fig. 
3.11 
(b). 
When 
RESET 
signal 
at 
"0" 
level 
is 
input 
into 
MPU, 
the 
internal 
system 
clock 
is 
restarted 
and 
MPU 
will 
execute 
an 
instruction 
stored 
in 


address 
OOOOH. 


At 
time 
of RESET 
signal 
input, 
it is necessary 
to 
take 
the 
same 
care 
as 


that 
in resetting 
MPU 
in RUN Mode. 


Fig. 
3.11 
Halt 
Release 
Operation 
Timing 
by 
Reset 
in IDLE1/2 
Mode 


(c) 
STOP Mode 
(MS1=1, 
MS2=O) 


The 
halt 
release 
operation 
by 
interrupt 
signal 
in 
STOP mode 
is 
shown 
in 


Fig. 
3.12. 


When 
MPU 
received 
an 
interrupt 
signal, 
the 
internal 
oscillator 
is 
restarted. 
In 
order 
to 
obtain 
stabillized 
oscillation, 
the 
internal 
system 
clock 
and 
clock 
output 
to 
the 
outside 
are 
started 
after 
a 
warming-up 
time 
of 
(2**14+2.5) 
TcC 
(TcC: 
Clock 
Cycle) 
by 
the 
internal 
counter 
passed. 


MPU executes 
one 
NOP 
instruction 
after 
the 
internal 
system 
clock 
is 


restarted 
and 
at 
the 
same 
time, 
sampling 
an 
interrupt 
signal 
at 
the 


rise 
of 
T4 
state 
during 
the 
execution 
of 
this 
NOP instruction. 
If 
the 


interrupt 
signal 
is 
accepted, 
MPU 
executes 
the 
interrupt 
process 
operation 
from 
next 
cycle. 


At 
time 
of 
interrupt 
signal 
input, 
it 
is 
necessary 
to 
take 
the 
same 


care 
as 
that 
in 
the 
interrupt 
signal 
input 
in 
IDLE1/2 
Mode. 
The 
halt 
release 
operation 
by 
MPU resetting 
in 
STOP Mode 
is 
shown 
in 
Fig. 
3.13. 


When 
RESET 
signal 
at 
"0" 
level 
is 
input 
into 
MPU, 
the 
internal 
oscillator 
is 
restarted. 
However, 
since 
it 
performs 
a 
quick 
operation 
at 
time 
of 
power 
ON, 
the 
internal 
counter 
does 
not 
operate. 
Therefore, 


the 
operation 
may 
not 
be 
carried 
out 
properly 
due 
to 
unstable 
clock 
immediately 
after 
the 
internal 
oscillator 
is 
restarted. 
To 
restart 
the 


clock 
by 
RESET 
signal 
in 
STOP 
Mode, 
it 
is 
necessary 
to 
hold 
RESET 
signal 
at 
"0" 
level 
for 
sufficient 
time. 
When 
RESET 
signal 
becomes 


"1", 
after 
the 
dummy 
cycle 
for 
at 
least 
2T 
states, 
MPU 
starts 
to 
execute 
an 
execution 
from 
address 
OOOOH. 


NOP COMMAND 
EXECUTION 


I 
I 


I: I_- 


I 
I 
I~_ 
MPU 
INTERNAL 


- -1 f- - - - - - - - - - --r - - J 
LATCH 
FOR NMI 


:, 


r 
I 


INTERRUPT 
SAMPLING 
TIMING 


Fig. 
3.12 
Halt 
Release 
Operation 
Timing 
by 
Interrupt 
Request 
Signal 
in 
STOP Mode 


Fig. 3.13 
Halt Release Operation Timing by 
Reset in STOP Mode 


3.4 
Instruction set 
Instruction 
set 
of 
the 
TMPZS4C01F 
are 
the 
same 
as 
those 
for 
the 


TMPZS4COOP. 
For details refer to the data sheet for the TMPZS4COOP. 


3.5 
Method of use 
A 
connecting 
example 
of 
the 
TMPZS4C01F 
with 
the 
TLCS-ZSO 
family 


peripheral 
LSI's 
is 
shown 
in 
Fig. 
3.4. 
For 
the 
explanation 
and 


precautions 
for connection, 
refer 
to 
Section 
3.5 
Method 
of 
use 
of 
the 


data sheet for the TMPZS400P. 
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4. 
Electrical 
Characteristics 


4.1 
Absolute 
Maximum 
Ratings 


Symbol 
Item 
Rating 
I Unit 
I 
I 
vcc 
I 
Supply 
Voltage 
I 
-0.5 
to +7 
I 
V 
I 
1----------1-----------------------------------1--------------------1------1 
I 
VIN 
1 
Input 
Voltage 
I -0.5 
to Vcc 
+ 0.5 
I 
V 
1 


1----------1-----------------------------------1--------------------1------1 
1 
PD 
I 
Power 
Dissipation 
(TA=85'C) 
1 
250 
I 
mW 
1 


1----------1-----------------------------------1--------------------1------1 
I 
TSOLDER 
I 
Soldering 
Temperature 
(10 
sec) 
I 
260 
I'c 
I 
1----------1-----------------------------------1--------------------1------1 
I 
TSTG 
1 
Storage 
Temperature 
1 
-55 
to 125 
I'c 
I 
1----------1-----------------------------------1--------------------1------1 
1 
TOPR 
1 
Operating 
Temperature 
I 
-40 
to 85 
I 
·c 
1 


DC Characteristics 
(1) 
TA = -40'c 
to 80'C, 
VCC 
5V ± 10%, 
VSS 
= OV 


SYMBOL 
ITEM 
TEST 
CONDITION 
I 
MIN. 
ITYP.I 
MAX. 
UNIT 
VOLC 
Low 
Level 
Clock 
IOL = 2.0mA 
I 
I - 
0.4 
V 
Output 
Voltage 
I 
1 
VOHC 
High 
Level 
Clock 
IOH =-2.0mA 
IVCC-0.6 
I - 
V 
Output 
Voltage 
I 
1 
VIL 
Input 
Low Voltage 
I 
-0.5 
1 - 
0.8 
V 
VIH 
Input 
High 
Voltage 
I 
2.2 
I - 
vcc 
V 
VIHR 
Input 
High 
Voltage 
IVCC-0.6 
I - 
vcc 
V 
(RESET) 
I 
I 
VILR 
Input 
Low 
Voltage 
I 
-0.5 
I - 
0.45 
V 
(RESET) 
I 
I 
VOL 
Output 
Low Voltage 
IOL 
2.OmA 
I 
I 
0.4 
V 
(Exce 
t Clock) 
I 
1 
VOHI 
Output 
High 
Voltage 
IOH 
-1. 6mA 
V 
(I) 
(Except 
Clock) 
I 
VOH2 
Output 
High 
Voltage 
IOH 
-250uA 
vcc-0.81 
V 
(II)(Except 
Clock) 
1 
ILl 
Input 
Leak 
Current 
VSS~ 
VIN~ 
VCC 
I - 
±10 
IlA 
I 
ILO 
3 State 
Output 
VSS 
+ 0.4~ 
I - 
±10 
IlA 
Current 
in Floatin 
I 


ICCI 
Supply 
Current 


(@ RUN Mode) 
15 
1 
20 
mA 


1 
I 
(Note) 
Supply 
Current 
I 
ICC2 
(@ STOP 
Mode) 
0.51 
10 
IlA 
I 
I 
ICC3 
Supply 
Current 
I 


(@ IDLEI 
Mode) 
1.01 
2.0 
mA 


I 
1 


MPUZ80-95 


TOSHIBA 
TMPZ84COIF 


SYMBOL 
ITEM 
TEST 
CONDITION 
I 
MIN. 
ITYP.I 
MAX. 
I UNIT I 


ICC4 
Supply 
Current 
VCC=5V,CLK=4MHzl 
I 
I 
I 
I 


(@ 
IDLE2 
Mode) 
VIHC=VIH=VCC- 
I 
I 
3.01 
6.0 
I mA 
I 


O. 2V ,VILC=VIL 
I 
I 
I 
I 
I 


=0.2V 
I 
I 
I 
I 
I 


(Note) 
At 
T4 
"LOW" 
state 
of 
the 
halt 
instruction 
fetch 
eye Ie. 


4.3 
AC 
Electrical 
Charactreistics 


TA 
= -40'C 
to 
85'C, 
VCC 
5V 
± 
10%, 
VSS 
OV 
(*) : TEST 
CONDITION 


NO. 
SYMBOL 
ITEM 
I (*) 
IMIN. ITYP. IMAX. IUNITI 
1 
TcC 
Clock 
freq uency 
I 
2501 
- 
DC 
ns 
2 
TwCh 
High 
clock 
pulse 
width 
I 
1101 
- 
DC 
ns 


3 
TwCI 
Low 
clock 
pulse 
width 
I 
1101 
- 
DC 
ns 


4 
TfC 
Clock 
falling 
time 
I 
- I 
- 
30 
ns 
5 
TrC 
Clock 
rising 
time 
I 
- 
I - 
30 
ns 


6 
TdCr(A) 
Effective 
address 
output 
I 
- 
I 
110 
ns 


delay 
from 
clock 
rise 
I 
I 


TdA(MREQf) 
Address 
output 
definite 
I 
651 
- 
ns 


time 
prior 
to MREQ 
I 
I 


8 
TdCf (MREQf) 
Delay 
from 
clock 
fall 
to 
I 
- 
I 
85 
ns 


MREQ="L" 
I 
I 


9 
TdCf (MREQr) 
Delay 
from 
clock 
rise 
to 
I 
- 
I 
85 
ns 


MREQ="H" 
I 
I 


I 
I 
10 
TwMREQh 
MREQ 
high 
level 
pulse 
I 
110 I 
- 
ns 


width 
I 
I 
I 


11 
TwMREQI 
MREQ 
low 
level 
pulse 
ICL= 
220 
- 
I 
- 
ns 


width 
I 
I 


12 
TdCf(MREQr) 
Delay 
from 
clock 
fall 
to 
IIOOpF 
- I 85 
ns 


MREQ="H" 
I 
I 


13 
TdCf (RDf) 
~lay 
from 
clock 
fall 
to 
I 
- 
I 95 
ns 


RD="L" 
I 
I 


14 
TdCr(RDr) 
Delay 
from 
clock 
rise 
to 
I 
I 
85 
ns 


RD="H" 
I 
I 


15 
TsD(Cr) 
Data 
set-up 
time 
for 
I 
35 
- I 
- 
ns 
clock 
rise 
I 
I 
16 
ThD(RDr) 
Data 
hold 
time 
for 
i 
0 
I 
ns 


RD 
rise 
I 
I 


I 
I 


17 
TsWAIT(Cf) 
WAiT 
signal 
set-up 
time 
I 
70 
I 
ns 


for 
clock 
fall 
I 
I 


I 
I 


18 
ThWAIT(Cf) 
WAIT 
hold 
time 
after 
I 
10 
I 
ns 
* 
clock 
fall. 
I 
I 


19 
TdCr(Mlf) 
Delay 
from 
clock 
rise 
to 
I 
1100 
ns 


Ml='lL" 
I 
I 


20 
TdCr(Mlr) 
Delay 
from 
ctock 
rise 
to I 
1100 
ns 


Ml="H" 
I 
I 


MPUZ80-96 


TOSHIBA 
TMPZ84C01F 


NO. 
SYMBOL 
ITEM 
I (*) IMIN.ITYP.IMAX.\UNITI 
21 
TdCf(RDr) 
Delay 
from 
clock 
fall 
to 
I 
I - 
1 - I 
85 
I 
ns 
I 
RD="HII 
I 
I 
I 
I 
I 
I 
22 
TdCr(RDf) 
Delay 
from 
clock 
rise 
to 
I 
I 
- 
\ 
I 
85 
I 
ns 
I 


RD=ltLIt 
I 
I 
I 
I 
I 
I 


23 
Data 
set-up 
time 
for 
I 
I 
501 
- I 
- 
I ns 
I 


TsD(Cf) 
clock 
fall 
(at 
time 
of 
I 
I 
I 
I 
I 
I 


M2, 
M3, 
M4, 
M5 
cycle) 
I 
I 
I 
I 
I 
I 
24 
TdA(IORQf) 
Address 
definite 
time 
I 
I 180\ 
- I 
- I 
ns 
I 


prior 
to 
IORQ 
fall 
I 
I 
I 
I 
I 
I 


25 
TdCr(IORQf) 
Delay 
from 
clock 
rise 
to 
1 
1 
I 
1 75 
I ns 
I 


IORQ="L" 
I 
I 
I 
I 
I 
I 
26 
TdCf(IORQr) 
Delay 
from 
clock 
fall 
to 
I 
1 - I 
- 
\ 
85 
I 
ns 
I 


IORQ="H" 
\ 
I 
I 
I 
\ 


27 
TdD(WRf) 
Data 
definit 
time 
prior 
I 
I 
80\ 
- I 
ns 
\ 


to WR 
fall 
I 
I 
I 
I 
28 
TdCf(WRf) 
Delay 
from 
clock 
fall 
to 
I 
I - I 
80 
ns 
I 


WR="LIt 
I 
I 
I 
I 


I 
I 
I 
I 


29 
TwWR 
WR 
pulse 
width 
\ 
I 2201 
ns I 


30 
TdCf(WRr) 
Delay 
from 
clock 
fall 
to 
I 
I 
- 
I 
80 
ns I 


WR="H" 
1 
1 
I 
I 
31 
TdD(WRf) 
Dat~definite 
time 
prior 
I 
I -101 
ns 
I 


to WR 
fall 
I 
I 
I 
I 
32 
TdCr(WRf) 
Delay 
from 
clock 
rise 
to 
I CL= 
I 
- 
I - I 65 
ns I 


WR=lILIt 
I 
I 
I 
I 
I 
33 
TdWRr(D) 
Output 
data 
holding 
IIOOpF I 
601 
- I 
ns I 


after 
WR="H" 
I 
I 
! 
I 
I 
34 
TdCf(HALT) 
Delay 
from 
clock 
fall 
to 
I 
I 
- 
I - 
1300 
ns I 


HALT=lIL" 
or 
"H" 
\ 
I 
I 
I 
\ 
I 


I 
1 
I 
I 
I 
I 


35 
TwNMI 
NMI 
pulse 
width 
I 
I 
801 
- 
I - 
\ 
ns 
I 


36 
TsBUSREQ(Cr) 
Set-up 
time 
for 
clock 
I 
I 
501 
- I 
- I 
ns 
I 
rise 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
37 
ThBUSREQ(Cr) 
BUSREQ 
hold 
time 
after 
I 
I 
101 
I 
I ns 
I 
* 
clock 
rise 
I 
I 
I 
I 
I 
I 


38 
TdCr(BUSACKf) 
Time 
from 
clock 
rise 
to 
I 
I 
I 
1100 
I 
ns 
I 


BUSACK="L" 
I 
\ 
I 
I 
I 
! 
39 
TdCf(BUSACKr) 
Time 
from 
clock 
fall 
to 
! 
\ 
- I 
- 
1100 
I 
ns 
I 


BUSACK="H" 
I 
I 
I 
1 
I 
I 


40 
TdCr(Dz) 
Delay 
from 
clock 
rise 
to 
I 
I - I 
- 
I 90 
I ns 
I 
data 
bus 
float 
state 
I 
I 
I 
I 
I 
I 


41 
TdCr(CTz) 
Delay 
from 
clock 
rise 
to 
I 
I 
- I - I 
80 I 
ns I 


control 
output 
float 
I 
I 
I 
I 
I 
I 


state 
I 
I 
I 
I 
I 
I 


(MREQ, 
IORQ, 
RD, 
WR) 
I 
I 
I 
I 
I 
I 
42 
TdCr(Az) 
Delay 
from 
clock 
rise 
to 
I 
I 
- 
I - I 90 
I ns I 


address 
bus 
float 
state 
I 
! 
I 
I 
I 
I 
43 
TdCr(A) 
Address 
holding 
time 
from! 
I 
801 
- I 
- 
I 
ns 
I 


MREQ, 
IORQ, 
RD 
or 
WR 
I 
I 
I 
I 
I 
I 


MPUZ80-97 


I 
NO. 
I 
I 44 
I 
I 
I 45 
I * 
I 
I 46 
I 
I 
I 47 


1 * 
I 48 
I 
I 49 
I 
I 50 
I 
I 
51 


I 
I 
I 52 
I 
I 
I 
I 53 


TdMl F( IORQf) 


TdCf( IORQf) 


RESET 
set-up 
time 
for 


clock 
rise 


RESET 
hold 
time 
from 
clock 
rise 


INT 
set-up 
time 
for 


rise 


rise 
Ml 
output 
("V') 
definite 


time 
prior 
to 
IORQ 
fall 
Delay 
from 
clock 
fall 
to 
m~"L" 
Delay 
from 
clock 
rise 
to 


IORQ="H" 
Delay 
from 
clock 
fall 
to 


data 
output 


Clock 
(CLK) 
restart 
time 
by 
INT 
(STOP 
mode) 


Clock 
(CLK) 
restart 
time 


by NMI 
(STOP 
mode) 


Clock 
(CLK) 
restart 
time 


by 
INT 
(IDLEl/2 
mode) 


Clock 
(CLK) 
restart 
time 


by NMI 
(IDLEl/2 
mode) 


I 
(~) 
1M iN.ITYP.IMAX. 
!UNITI 


I 
I 
I 
I 
I 


I 
I 
601 
I 
1 n. 


I 
I 
I 
I 
1 


I 
I 
I 
I 
I 


1 
I 
10 I 
1 
I 
ns 


I 
1 
I 
1 
I 


I 
I 
1 
I 
I 
clock I 
I 
801 
I 
I ns 
I 
I 
I 
I 
1 


I 
I 
I 
I 
I 


clock I 
I 
10 I 
I 
I ns 


1CL= 
I 
I 
1 
I 


I 5651 
- 
1 
- 
I 
ns 


100pFI 
I 
1 
I 


I 
- 
1 
- 
I 
85 
I 
ns 


I 
I 
I 
I 


I 
I 
I 85 I 
ns 


I 
I 
1 


I 
- 
1150 
I 
ns 


I 
I 
I 


1 
(2**1 
I 
I 
14+ 
I 
I ns 


I 
2.5) I 
I 


I 
xTccl 
I 
I 
(2**1 
I 


I 
l4+! 
I 
ns 


I 
2.5) I 
I 
I 
xTccl 
I 


I 
I 
I 


I 
2.51 
I 
ns 


I 
TcC 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 


I 
- 
I 
2.51 
- 
I ns 


1 
1TcC 
I 
I 


I 
I 
I 
I 


Note 
1. 
Test 
conditions 


VIH 
= 2.4V, 
VIL 
= 0.4V, 
VIHC 
= VCC 
- 0.6V, 
VILC 
= 0.6V 


VOH 
= 2.2V, 
VOL 
= O.8V 
Note 
2. 
Items 
with 
an 
asterisk 
(*) are 
non-compatible 
with 
NMOS 
Z80. 


4.4 
Capacitance 
The 
capacity 
of 
TMPZ84COIF 
is 
alike 
with 
that 
of 
the 
TMPZ84COOP. 
For 


details 
refer 
to 
the 
relative 
part 
of 
the 
TMPPZ84COOP. 


4.5 
Timing 
diagram 
Figs. 
4.1 
to 
4.10 
show 
the 
basic 
timings 
of 
respective 
operations. 


Numbers 
shown 
in 
the 
figures 
correspond 
with 
those 
in 
the 
AC 
Electrical 
Characteristics 
Table 
in 4.3. 


Tl 
T2 
T3 
T4 


¢ 


AO-A15 


MREQ. 


RD 


WAIT 


® 


M1 


@ 


DO-D7 


Fig. 
4.1 
Operation 
Code 
Fetch 
Cycle 


Tl 
T2 
Tw 
T3 


AO- 
A15 


MH..l!:q, 


® 


WAIT 


RD 


READ 
OPERATION 
DO- 


07 


@ 
[ ~ 


~ 


WRITE 
=t@ 
OPERATION 


DO- 
DATA 
OUTPUT 
D7 


Fig. 
4.2 
Memory 
Read/Write 
Cycle 


MPUZ80-99 


TOSHIBA 
TMPZ84C01F 


T2 
TW* 
TW 
T3 


¢ 


AO-A? 


IORl< 


WAIT 


Rri 


INPUT 


OPERATION 


DO- 


D? 


WR 
OUTPUT 
OPERATION 
DO- 


D? 
DATA 
OUTPUT 


(Note) 
wait 
state 
(TW* ) is inserted 
automatically 
by MPU. 


Fig. 
4.3 
Input/Output 
Cycle 


TL 
Tl 
T2 
Tw* 
Tw* 
Tw 
T3 


Note 
1 
Note 
2 
TL 
is the 
final 
state 
of 
the preceding 
instruction. 


2 wait 
state 
(TW*) 
is inserted 
automatically 
by MPU. 


Note 
1 
Note 
2 


NMI 
is 
asynchronous 
input 


sponse 
in 
the 
following 
generated 
keeping 
abreast 


state. 


but 
in 
order 
to 
assure 
the 
positive 
re- 
cycle, 
NMI 
trailing 
edge 
signal 
must 
be 


of 
the 
leading 
edge 
of 
the 
preceding 
TL 


TL 
is 
the 
final 
state 
of 
any 
machine 
cycle. 


Tx 
is 
optional 
clock 
used 
by 
requested 
peripheral 
L8I. 


~.RD.WR 
IORQ.BUSACK 
HALT 


T4 


CLK 
-r=- 


® 
_._-- 


IN'f 


NMf W 


I 
~ 


1__ 
- 


Tl 
T2 
T3 


eLK 
(IDLE 
1 MODE) 


T4 
Tl 
T2 
T3 


CLK 
(IDLE2 
MODE) 


I 


@ 
! 


INT 
t 
'I 


NMI 
W 
,I 
® 


r 
Iltt08(Pit~ 


(l) 
To 
reset 
MPU, 
it is necessary 
to hold 
RESET 
signal 
input 
at "0" 
level 
for 


at 
least 
3 clocks. 
In 
particular, 
to 
release 
the 
HALT 
state 
by 
RESET 
signal 
in 
STOP 
Mode, 
hold 
RESET 
signal 
at 
"0" 
level 
for 
sufficient 
time 
in order 
to 
stabilize 


output 
from 
the 
internal 
oscillator. 


(2) 
In 
releasing 
MPU 
from 
the 
HALT 
state 
by 
interrupt 
signal 
in 
IDLEI/2 
Mode 


and 
STOP 
Mode, 
MPU 
will 
not 
be 
released 
from 
the 
HALT 
state 
and 
the 


internal 
system 
clock 
will 
stop 
again 
unless 
an 
interrupt 
signal 
is 


accepted 
during 
the 
execution 
of 
NOP 
instruction 
even 
when 
the 
internal 


system 
clock 
is 
restarted 
by 
the 
interrupt 
signal 
input. 
In 
particular, 
care 
must 
be 
taken 
when 
INT 
is used. 


Other 
precautions 
are 
identical 
to 
those 
for 
the 
TMPZ84COOP 
except 
those 


for RFSH 
termial. 
Refer 
to the data 
sheet 
for 
the TMPZ84COOP. 


The 
T6497 
is a clock 
generator/controller 
for 
the TLCS-ZSO 
(CMOS) Family 
(Microprocessor 
(MPU) and 
its peripheral 
LSI's) fabricated 
with Toshiba's 
CMOS 
Silicon 
Gate 
Technology. 
The 
T6497 
is 
provided 
with 
two 
input 
terminals which are capable of selecting one of the following 3 modes when 
the TLCS-ZSO MPU execute the HALT instruction. 
(1) 
RUN Mode 
The 
clock 
(CLK) 
output 
operation 
of 
the 
T6497 
is 
continued. 
The 
TLCS-ZSO 
MPU 
is 
in 
the 
HALT 
state 
at 
this 
time 
and 
continues 
to 
execute the NOP instruction. 


(2) 
IDLE Mode 
The 
clock 
(CLK) 
output 
by 
the 
T6497 
is 
stopped. 
However, 
the 
internal oscillator only continues 
to run. 


(3) 
STOP Mode 
The operation of the T6497 is completely stopped. 
In STOP Mode, 
the operation of the microcomputer 
system is completely 
stopped. 
Therefore, 
it becomes 
possible 
to keep 
the 
system 
at 
low 
power consumption. 
The T6497 
is molded 
in Toshiba's 
16 pin standard DIP Package. 


The principal 
functions and features of the T6497 are as follows. 
(1) 
Compatible with Toshiba CMOS zSO (TLCS-ZSO) 


(2) 
Low power consumption 


2mA Typ (@SV, 4MHz operation) 
SOuA Typ (@SV 4MHz) (IDLE Mode) 
lOuA Less (@SV stationary) (STOP Mode) 


(3) 
Single SV power supply (SVtlO%) 
(4) 
Extended operating 
temperature 
(-40'C to SS·C) 
(S) 
The following 3 modes are selectable: 
o 
RUN Mode 
o 
IDLE Mode 


o 
STOP Mode 


The 
pin 
connections 
and 
I/O 
pin 
names 
and 
brief 
functions 
of 
the T6497 
are 
shown 
below. 


2.1 
Pin 
connections 


The 
pin 
connections 
of 
the T6497 
are 
as shown 
in Fig. 
2.1. 


NC 
VCC 


RST 11 
DS 


HALT 
NC 
Ml 
RESET 


RST02 
MS2 


RSTI 
2 
MSI 


CLK 
XTAL2(XOUT) 


VSS 
XTALl(XIN) 


2.2 
Pin 
names 
and 
functions 


I/O 
pin 
names 
and 
functions 
of 
the T6497 
are 
as 
shown 
in Table 
2.1. 


Pin 
Name 
INumber I Input/Output 
lof Pinl 
3-state 
I 
I 
RSTI 1 
I 
I 
Input 
I 
I 
I 
I 
HALT 
I 
I 
Input 


I 
I 


I 
I 
HI 
I 
I 
Input 
I 
I 
I 
I 


RST02 
I 
I 
Output 


I 
I 
I 
I 


RSTI2 
I 
I 
Input 


I 
I 


CLK 
Output 


DS 
Input 


Restart 
signal 
from 
clock 
(CLK) 
stop 
state 
(Level 
trigger 
input) 


Restart 
signal 
from 
clock 
(CLK) 
stop 
state 
(Ed e tri 
er 
in ut) 
Single-phase 
clock 
output. 
When 
the HALT 
instruction 
in STOP 
Hade 
is 
executed, 
the T6497 
stops 
its operation 
and 


holds 
clock 
out 
ut 
at "0" 
level. 


Counter 
output 
stage 
selecting 
input. 
Input 
to set 
up a warming-up 
time 
at 
time 
of 
restart 
from 
the clock 
stop 
state 
in 
stop 
mode. 


Pin I 
3-state 
I 
RESET 
I 
Output 
I 
MSl, 
MS2 
Input 


XTAL 
1 
(XIN) 
2 
XTAL 
2 
(XOUT) 


NC 


VCC 


VSS 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Power 
I 
I 
IPower 
I 


Input 
Output 


Reset 
signa 1. 
Restart 
signal 
from 
clock 
(CLK) 
stop 
state 


(Level 
tri 
er 
in ut) 
Mode 
selection 
input. 
One 
of 
3 modes 
(RUN, 
IDLE, 
STOP) 
is 
selected 
according 
to the 
state 
of 
these 
2 


pins 


The system configuration, 
functions and basic operation of the T6497 Clock 


Generator are described here. 


XTAL2 
CLK 


CONTROL 
CIRCUIT 


3.2 
System configuration 
The internal configuration 
of T6497 is as shown in Fig. 3.1. 
The waveform 
that 
is input by 
the external oscillator 
is converted 
into 


the 
square-wave 
for 
clock 
by 
the 
internal 
oscillator. 
Clock 
is 


controlled 
by 
the 
control 
circuit 
and 
the 
counter, 
and 
output 
to 
the 
outside. 
In this section, 
the 
following principal 
compoments 
and 
functions which 


must be known 
in using the T6497 will be described. 


(1) 
Generation of clock 


(2) 
Operation mode 


(3) 
Warming-up 
time at time of restart 


3.2.1 
Generation of clock 


The T6497 has 
a 
built-in 
oscillation 
circuit 
and 
required 
clock 
can 
be 
easily 
output 
from 
CLK 
terminal 
by 
connecting 
an 
oscillator 
to 
the 
external terminals 
(XTAL1, XTAL2). 
Clock in the same frequency as input 
oscillation 
frequency is output. 


Examples of oscillator connection are shown in Fig. 3.2. 


3.2.2 
Operation 
modes 


There 
are 
3 kinds 
of operations 
modes; 
Run mode, 
IDLE 
mode, 
and 
STOP 
mode 


available 
for 
the T6497. 
One 
of 
these 
modes 
can 
be 
selected 
by 
the 
mode 


select 
input 
(MS1, 
MS2). 
These 
operation 
modes 
are 
effective 
when 
the 


TLCS-ZSO 
MPU 
is 
executing 
the 
HALT 
instruction. 
When 
fetching 
the 
HALT 
instruction, 
MPU 
outputs 
"0" 
on 
the 
HALT 
terminal 
to 
indicate 
that 
MPU 
enters 
into 
the 
HALT 
state. 
After 
executing 
the 
HALT 
instruction, 
the 


T6497 
performs 
the operation 
in one 
of 
these 
mode 
by 
this 
signal. 
The 
operations 
of 
these 
modes 
in the HALT 
state 
are 
shown 
in Table 
3.1. 


I 
I 
I 
I 


MS2 
I MS2 
IOperation 
Model 
Content 
of Operation 
at HALT 
State 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I RUN Mode 
I 
Continues 
to supply 
clock 
to the outside. 
I 
I 
I 
I 
I 


0 
I 
* 
I 
I The 
internal 
oscillator 
only 
operates 
and 
I 
INote)1 
IDLE Mode 
I supply 
of 
clock 
to the outside 
is stopped. I 


I 
I 
I Clock 
output 
(CLK) 
is he ld at 
fIO" 
level. 
I 


I 
I STOP 
Mode 
I The 
internal 
operations 
are 
all 
stopped. 
I 


I 
I 
I 
Clock 
output 
(CLK) 
is held 
at "all 
level. 
I 


Clock 
is continuously 
supplied 
in any mode 
except 
the HALT 
state. 
MPU 
is 


restarted 
from 
the 
clock 
stop 
state 
in 
IDLE 
mode 
and 
STOP 
mode 
by 
inputting 
one 
of RSTI1, 
RSTI2 
or RESET 
signal. 
MPU 
is 
released 
from 
the 
HALT 
state 
by 
the 
input 
of 
RESET 
signal 
or 
acceptance 
of 
maskable 
(INT 
signal) 
or 
non-maskable 
(NMI 
signal) 


interrupt 
request. 
Tehrefore, 
these 
signa Is 
are 
normally 
connec ted 
to 


MPU 
as 
fo1lows : 


o 
RESET 
signal 
is commonly 
used 
with 
MPU. 


o 
INI 
signal 
(maskable 
interrupt 
input) 
and 
RSTIl 
signal 
(restart 
input) 


are 
commonly 
used. 


o 
RET02 
signal 
(output 
of 
restart 
input 
signal 
RSTI2) 
is 
connected 
to 


NMI 
signal 
(non-mask~ble 
interrupt 
input). 


3.2.3 
Warming-up 
time 
at 
restart 
(STOP mode) 


When released 
from the 
HALTstate 
by acceptance 
of 
interrupt 
request, 
MPU 


will 
execute 
the 
interrupt 
routine. 
Therefore, 
to 
restart 
the 
clock 
by 


RSTIl 
or 
RST12 restart 
signal 
in 
STOP mode 
it 
is 
necessary 
to 
supply 
clock 
to 
the 
outside 
after 
the 
oscillation 
is 
sufficiently 
stabilized. 


The 
T6497 
provides 
a 
sufficient 
warming-up 
time 
enough 
to 
reach 
stabilized 
frequency 
by operating 
the 
internal 
counter. 
The warming-up 
is 
completed 
and 
clock 
output 
is 
started 
at 
the 
trailing 
edge 
of 
the 
internal 
counter 
output 
which 
is 
divided 
oscillation 
frequency. 
There 
is 


the 
DS input 
terminal 
provided 
for 
setting 
this 
warming-up 
time, 
and 
a 


time 
of 
2**17 
(DS=O) or 
2**14 
(DS=l) 
division 
of 
the 
externally 
connected 


oscillator 
is 
provided. 


The block 
diagram 
of 
the 
internal 
counter 
unit 
is 
shown in 
Fig. 
3.3 
and 


the 
relationship 
bedtween 
the 
logic 
of 
the 
DS terminal 
and 
warming-up 
time 
is 
shown in Table 
3.2. 
Further, 
in 
case 
of 
the 
restart 
by 
RESET signal, 
the 
internal 
counter 
does 
not 
operate 
for 
a quick 
operation 
at 
time 
of 
power ON. 


I T6497 
INTERNAL 


I 
I 


COUNTER 


21 
2.15 
218 


I 
I 
IDSICounter 
I 
I 
I 
I 


I 
I 
\ 0\ 
I 
11 
I 
I 


2**18 
2**15 


I 
Output I 
I 
I 
I fXTAL=4MHz 


I 
I 
12**17/fXTALI 
12**14/fXTALI 
I 
I 


I 
I 
I 
IfXTAL=2.5MHzI fXTAL=400kHz\ 
I 
I 
\ 


I 
=52.4ms 
I 
=328ms 
I 


I 
= 6. 6ms 
I 
= 4Oms 
I 


I 
I 
I 


=32 .8ms 
= 4 
ms 


3.3 
Status 
change 
flowchart 
and basic 
timing 
III this 
section, 
the 
status 
change 
and 
basic 
timing 
when 
the 
T6497 
is 
operating 
are 
explained. 


The 
bas ic timing 
of 
each 
mode when 
the TLCS-Z80 
MPU 
executes 
the 
HALT 


instruction is explained. 
In 
synchronous 
with 
the 
operation code fetch cycle 
By 
this 
signal, 
the T6497 
HALT state. 
(a) 
RUN mode 
(MS=l, MS2=1) 
The basic timing of RUN mode is shown in Fig. 3.5. 
In 
the 
RUM mode, 
clock 
is continuously 
supplied 
to 
the 
outside even 
when MPU 
is in the HALT state. 
This mode is used on a system requiring 


the memory address refresh. 


fall 
of 
T4 
state 
of 
the 
HALT 
instruction 
(Ml), MPU makes the HALT signal to "0" level. 
detects 
that MPU 
is going 
to enter 
into 
the 


Ml 
CYCLE 


T4 I 
Tl 


tM1 
CYCLE 


T4 
Tl 
T2 


I ~?P 
NOP 
~:~~~~~R~g~ON 
.~f!!-STRUCTION 
EXECUTION 
INSTRUCTION 
EXECUTION 


FETCH 
CYCLE 


(b) 
IDLE mode (MSl=O) and STOP mode (MSl=l, MS2=0) 
The basic timing in the IDLE and STOP modes 
is shown in Fig. 3.6. 


In 
these 
modes, 
clock 
output 
is stopped 
at 
the 
"0" 
leve1 
during 
T4 
state by the ~ 
signal and MI 
signal following the HALT instruction. 
However, 
in case of the stop mode 
the internal oscillator of the T6497 


is also stopped. 


T4 
Tl 
T2 
T3 
T4 


CLK~ 


HALT 


Ml 
-------:.-~--~--=====================~ 


HALT INSTRUCTION---+~N-O-P--IN-S-T-R-UC~ 
TION 
I CLK 


OPERATION 
CODE 
EXECUTION., 
£TOPPING 
STATE 


FETCH 
CYCLE 


(2) 
Restart 
from clock stbp 
The 
clock 
is restarted 
from the stopped 
state 
in the 
IDLE or 
STOP mode 


when "0" is input to anyone 
of the following signa Is: 


o 
RSTIl 
(level trigger input) 
o 
RSTI2 (edge trigger input) 


o 
RESET (level trigger input) 


Restart 
in IDLE mode 
The restart sequence 
from the clock output stop state 
is 
shown 
in Fig. 
3.7. 
In 
the 
restart 
in 
the 
IDLE 


output 
is restarted 
in a 
relatively 
short 
delay 
time 
oscillator 
is 
in 
operation 
even 
during 
the 
clock 


stopped. 


in the IDLE mode 
mode, 
the 
clock 
as 
the 
internal 
output 
is 
kept 


Ml 


RSTIl 
RSTI2 
RESET 


(b) 
Restart 
in STOP mode 
The 
restart 
sequence 
from 
the clock 
output 
stopped 
state 
in the 
STOP 


mode 
is shown in Fig. 3.8. 
In restarting the clock output by inputting 
"0" 
into 
RSTIl 
or 
RSTI2 
signal, 
a 
warming-up 
time 
is 
automatically 


provided by the internal counter. 


3.4 
Method 
of use 
Connection 
of 
the 
T6497 
with 
MPU 
is 
explained 
here 
on 
the 
HALT 
release 
operation. 


3.4.1 
Common 
use 
of 
RESET 
signal 


Shown 
in Fig. 
3.9 
are 
examples 
of 
restart 
timing 
in 
the 
STOP 
mode 
when 
the TLCS-ZSO 
MPU 
and T6497 
use -RESET signal 
commonly. 
To 
reset 
the TLCS-ZSO 
MPU, 
RESET 
signal 
must 
be 
kept 
at 
"0" 
level 
for 
at 
leas t 
3 
clocks. 
Further, 
when 
RESET 
signa 1 
becomes 
"1" 
leve 1, 
MPU 
is 
released 
from 
the HALT 
state 
after 
the dummy 
cycle 
for at 
least 
2T 
states 
and 
executes 
an 
instruction 
starting 
from 
address 
OOOOH. 


In 
restarting 
the 
clock 
output 
in 
the 
STOP 
mode 
by 
RESET 
signal, 
the 
internal 
counter 
for 
determining 
the 
warming-up 
time 
does 
not 
operate. 
Note 
that MPU 
may 
not 
be 
restarted 
properly 
due 
to unstable 
clock 
output 
immediately 
after 
the 
internal 
oscillator 
is restarted. 
Therefore, 
RESET 
signal 
should 
be kept 
at 
"0" 
level 
for a sufficient 
period 
of 
time 
enough 
to firmly 
reset 
MPU 
by 
taking 
stability 
of crystal 
oscillation 
at 
time 
of 
power 
ON. 


EXECUTE 


IAEERESS 


T2 
T3 
T4 
Tl 
T2 
T3 
T4 


~1~---<;;-ljlJ1JLJL.JlSL 
"\ 
\_-~/ 


Nap 
INSTRUCT 
ION 


I_EXECUTION 
"I 


I 


/I 
\ 
I 
,,.J 


3.4.2 
HALT 
release 
by 
interrupt 
signal 


When 
the T6497 
is in the IDLE 
or STOP 
mode, 
the clock 
output 
is restarted 


by 
RSTIl 
or 
-RSTI2 signal 
input 
and 
MPU 
starts 
to 
run 
according 
to 
that 
clock 
input. 
However, 
after 
the 
clock 
output, 
MPU 
is 
still 
in 
the 
HALT 
state 
and 
executes 
the 
NOP 
instruction. 
To 
release 
MPU 
from 
the 
HALT 
state, 
it is necessary 
to input 
the 
interrupt 
signal 
(INT 
or NMI). 
MPU 
samples 
the 
interrupt 
signal 
at 
the 
leading 
edge 
of 
the 
last 
clock 
of 
each 
instruction 
(NOP 
instruction 
for 
the HALT 
state). 


(1) 
When 
non-maskable 
interrupt 
(NMI) 
is used: 


The 
non-maskable 
interrupt 
is 
the 
edge 
trigger 
input, 
and 
there 
is 
a 


flip-flop 
(F/F) 
in MPU. 
The 
state 
of 
this 
internal 
NMI 
F/F 
is sampled 
at 
the 
leading 
edge 
of 
the 
last 
clock 
of 
an 
instruction. 
Therefore, 
if 
a 
short 
low 
active 
("0") 
pulse 
has 
been 
input 
before 
the 
interrupt 
signal 


sampling 
timing, 
this 
interrupt 
request 
is accepted. 


RSTI2 
input 
of 
the T6497 
is output 
to RST02 
through 
the 
internal 
circuit. 


It 
is 
therefore 
recommended 
that 
the 
restart 
signal 
is generated 
to 
the 


RSTI2 
input 
terminal 
and 
RST02 
signal 
is 
output 
into 
the 
NMI 
terminal 
of 


MPU. 


(2) 
When 
maskable 
interrupt 
(INT) 
is used: 
For 
maskable 
interrupt, 
the 
interrupt 
enable 
flip-flop 
(IFF) 
must 
be 
set 


to "I" 
before 
liD" 
of 
INT 
input 
signal 
is 
recognized. 
In 
the 
connection 
of 


MPU 
and T6497, 
this 
interrupt 
signal 
INT 
is 
jointly 
used 
with 
the 
restart 


signal 
RSTIl 
of 
the T6497. 
Shown 
in Fig. 
3.10 
are 
examples 
of 
the 
timing 


when 
RST02 
('utput signal 
of 
the 
T6497 
is 
input 
to 
NMI 
of 
MPU 
and 
RSTIl 


signal 
of 
the T6497 
is jointly 
used 
with 
INT 
signal 
of MPU. 


~ 


m~j 


I~ 


----m-m-~T 
i 
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! 
INTERRUPT 
SAMPLING 
TIMING 


3.4.3 
Example 
of 
connection 
A 
connecting 
example 
of 
the 
T6497 
and 
MPU 
is 
shown 
in 
fig. 
3.11. 
This 


figure 
shows 
an 
example 
when 
RST02 
output 
signal 
of 
the 
T6497 
is 
input 


into 
NMI 
of 
MPU 
by 
jointly 
using 
RESET 
signal 
with 
MPU 
and 
RESIl 
signal 
of 
the T6497 
and 
INT 
signal 
of MPU 
are 
joinly 
used. 


T6497 
CLOCK 
GENERATOR/CONTROL 


CIN 
CLK 


D., 


XTALI 
HALT 


P 
Ml 


XTAL2 
RST02 


(NMI) 
MSI 
RS'I'12 


MS2 
RSTIl 


DS 
RESET 


VCC 


} INTERRUPT 
RE'tUEST 
SIGNAL 


Symbol 
Item 
I 
Rating 
1 Unit 
I 


1 
VCC 
I 
Supply 
Voltage 
I 
-0.5 
to +7 
I 
V 
1 


1----------1-----------------------------------1--------------------1------1 
1 
VIN 
1 
Input 
Voltage 
I -0.5 
to Vcc 
+ 0.5 
1 
V 
I 


1----------1-----------------------------------1--------------------1------1 
I 
PD 
1 
Power 
Dissipation 
(TA=85'C) 
1 
250 
I 
mW 
I 


1----------1-----------------------------------1--------------------1------1 
1 
TSOLDER 
1 
Soldering 
Temperature 
(10 
sec) 
I 
260 
I'C 
I 


1----------1-----------------------------------1--------------------1------1 


I 
Tstg 
1 
Storage 
Temperature 
1 
-65 
to 
150 
I'c 
1 
1----------1-----------------------------------1--------------------1------1 
1 
Topr 
I 
Operating 
Temperature 
I 
-40 
to 
85 
I 
·c 
I 


SYMBOL 
VlL 
MIN. 
ITYP. I 
MAX. 
IUNITI 


-0.5 
I - 
0.8 
V 


I 
2.2 
I - 
vcc 
V 
I 
I - 
0.4 
V 
I 
I 
0.4 
V 


1 
vcc-0.61 
- 
V 


1 
2.4 
I 
V 


1 
VCC-0.8 
V 


±I 
IJA 


2 
4 
mA 


ITEM 
Input 
Low 
Voltage 
(Except 
XTAL 
I, 2) 
Input 
High 
Voltage 


(Except 
XTAL 
1, 2) 
Output 
Low 
Voltage 
(CLK) 
Output 
Low 
Voltage 
(Except 
CLK) 
Output 
High 
Voltage 
(CLK) 
Output 
High 
Voltage 
(Except 
CLK) 
Output 
High 
Voltage 


(Except 
CLK) 


Input 
Leak 
Current 


Supply 
Current 


(Operation) 
(RUM 
Mode) 


Supply 
Current 


(STOP 
Mode) 


Supply 
Current 


(IDLE 
Mode) 


VCC=5V, 
fXTAL=4MHz 
VIHC=VIH=VCC- 
0.2, 
VILC=VIL= 


0.2 
VCC=5V, 
VIHC=VlH=VCC- 
0.2, 
VILC=VIL= 


0.2 
VCC=5V, 
fXTAL=4MHz 
VIHC=VIH=VCC- 
o . 2, VlLC=VlL= 
0.2 


0.31 
10 
IJA 


I 
I 
I 
0.51 
mA 


I 
I 
I 


TOSHIBA 
T6497 


4.3 
AC 
Electrical 
Charactreistics 


TA 
= -40'C 
to 
8S'C, 
vcc 
= 
SV 
± 
10%, 
VSS 
OV 
(*) : TEST 
CONOITION 


NO. 
SYMBOL 
ITEM 
I 
(*) 
MIN.ITYP. 
MAx.luNITI 


1 
TcC 
CLK 
frequency 
I 
2501 
- I 
ns 
2 
TwCh 
High 
CLK 
width 
1 
1101 
- 
1 ns 
3 
TwCl 
Low 
CLK 
width 
I 
110 I 
- I· ns 
4 
TrC 
CLK 
rising 
time 
I 
- I 
IS 
1 ns 
S 
TfC 
CLK 
faillng 
tlme 
1 
- I 
15 
I 
ns 


1 
I 
I 


6 
TsHALT(Mlr) 
HALT 
set-up 
time 
1 
101 
I ns 


1 
1 
I 
7 
TwRSTI 
1 
Low 
RSTI 1 wid th 
I 
801 
- 
1 ns 


1 
1 
I 
8 
TwRSTI2 
Low 
RSTI2 
width 
I 
2001 
- I 
ns 


1 
I 
I 
9 
TdRST02 
RST02 
delay 
time 
1 
- 
1 
100 
I 
ns 
(RSTI2f) 
I 
1 
I 
I 
1 
1 


10 
TwRST02 
Low 
RST02 
width 
I 
801 
- I ns 


1 
I 
I 


11 
TwRESET 
Low 
RESET 
width 
I 
801 
- 
I ns 


1 
1(2** 
I 
12 
TRSTlS 
CLK 
restart 
time 
os=ol 
117+ 
1 ns 


by 
RSTI 1 
1 
12.5) 
I 


(STOP 
Mode) 
1 
ITcC 
I 


1 
1(2** 
I 


oS=ll 
- 
114+ 
- I 
ns 


1 
12.S) 
I 
I 
ITcC 
I 


1 
1(2** 1 


13 
TRST2S 
CLK 
restart 
time 
os=ol 
117+ 
1 
ns 


by 
RSTI2 
1 
12.5)1 


(STOP 
Mode) 
1 
ITcc 
1 
1 
1(2** 
oS=ll 
- 
114+ 
ns 


I 
12.5) 
1 
ITcc 
14 
TRSTlI 
CLK 
restart 
time 
by 
I 
I 2.5 
ns 


RSTII 
(IDLE 
Mode) 
1 
1 TcC 


15 
TRST2I 
CLK 
restart 
time 
by 
I 
- 
I 2.5 
ns 


RSTI2 
(IDLE 
Mode) 
1 
1 TcC 
16 
TRESETI 
CLK 
restart 
time 
by 
I 
- I 
1 
ns 


RE'SET 
(IDLE 
Mode) 
1 
I TcC 


(Note) 
Test 
conditions 


1) 
Input 
high 
voltage 
VIH 
= 
2 .4V, 
Input 
low 
voltage 
VIL 
= 
0.4V 
2) 
Testing 
point 
a 
VOH 
= 
2.2V, 
VOL 
0.8v 
(however, 
except 
CLK 
output) 


b 
CLK 
Output: 
VOH 
= VCC-O.6V, 
VOL 
= O.4V 


SYMBOL 
I 
ITEM 
I 
TEST 
CONDITION 
IMIN. [TYP. !MAX. IUNITI 


CCLOCK 
IClock 
Input 
I 
f=lMHz 
I 
- I 
- I 
15 
I 
pF 
I 
ICapacitance 
I All 
terminals 
except 
that 
I 
I 
I 
I 
I 
CIN 
I Input 
Capacitance 
I to 
be 
measured 
should 
be 
I - 
I - 
I 
5 I 
pF 
I 


COUT 
IOutput 
Capacitance 
I earthed. 
I - 
I - I 
6 
I pF 
I 


Timing diagram 
Figs. 
4.1 
to 
4.4 
show 
the 


Numbers 
shown 
in the figures 


Characteristics 
Table in 4.3. 


basic 
t.m.ngs 
of 
respective 
operations. 
correspond 
with 
those 
in the AC Electrical 


T4 
Tl 
T2 
T3 
T4 
Tl 


CLK 


Ml 
\ 
I 
L 


HALT 
\ 
/ 


T4 
Tl 
T2 
T3 
T4 


CLK 


ill 
\ 


·f 
, 


® 
HALT 


TOSHIBA 
T6497 


5. 
Outline 
Drawing 
Unit 
in mm 


16 
9 


~:::::::r] 
1 
8 


1 ~.~MAX 
7.62 ±0.25 


><.. 
'" 
0 
I 
.,.; 


I. 
1/ 


H 
1/ 
'" 
1/ 
"1 
/J 
'" 
~ 
+0.1 
05±0.15 
2.54iO.~t> 
0.25 -0.05 


1.4 
0.15 
O-~lbo 


Note 
1. 
Note 
2. 
This 
dimension 
is measured 
at 
the center 
of bending 
point 
of 
leads. 


Each 
lead 
pitch 
is 2.54mm, 
and 
all 
the 
leads 
are 
located 
within 
±O.25 


mm 
from 
their 
theoretical 
positions 
with 
respect 
to 
No.1 
and 
No.16 


leads. 


(1) 
In 
using 
RESET signal 
commonly with 
MPU, hold 
RESET signal 
at 
"0" 
for 
a 


sufficient 
period 
of 
time 
enough 
to 
positively 
reset 
MPU. 
Especially, 
in 


case 
of 
the 
restart 
in 
the 
STOP mode using 
RESET signal, 
be 
careful 
as 


output 
of 
the 
internal 
oscillator 
is 
not 
stable. 


(2) 
MPU is 
not 
released 
from 
the 
HALTstate 
simply 
when the 
clock 
input 
is 
resumed. 
To release 
MPU, it 
is 
necessary 
to 
reset 
MPU or 
accept 
an 


interruption 
request. 


(3) 
Since 
RSTI2 signal 
of 
the 
T6497 and NMI signal 
of 
MPUare 
both 
trailing 


edge 
trigger 
inputs, 
if 
both 
signals 
are 
jointly 
used, 
RSTI2 signal 
only 


may be detected 
and NMI signal 
may not 
be detected 
in 
some cares. 
This 


trouble 
can 
be solved 
by using 
RST02 signal, 
which 
is 
the 
output 
signal 
of 
RSTI2 
input 
signal, 
as 
the 
input 
signal 
to 
NMI in 
order 
to 
a 


sufficient 
pulse 
for 
the 
detection. 


CMOS 
z80 
DMA: 
Direct 
Memory 
Access 
Controller 
I-~-R-E-L-I M-I-N-AR-y~1 


The 
TMPZ84CIOp 
(hereinafter 
referred 
to 
as 
DMA) 
is 
CMOS 
version 
of 
Z80 
OMA 
(Direct 
Memory 
Access 
Controller) 
which 
provides 
low 
power 
consuming 
but 


powerful 
and 
versatile 
operations. 
This 
DMA 
is 
designed 
to 
improve 
system 
performance 
by 
allowing 
the 
system 


memory 
and 
peripheral 
LSI's 
to 
directly 
transfer 
data 
between 
them. 


Memory-to-memory 
and 
l/O-to-l/O 
(I/O 
devices 
as 
peripheral 
LSI 
or 
I/O 


devices 
such 
as 
printer, 
etc.) 
data 
transfer 
capability 
is 
also 
provided. 


TMPZ84CIOP 
is 
fabricated 
using 
Toshiba's 
CMOS 
Silicon 
Gate 
Technology. 


principal 
functions 
and 
features 
of 
the 
TMPz84CIOP 
are 
as 
follows. 
Compatible 
with 
the 
Zilog 
Z80 
DMA. 
DC 
to 
4MHz 
operation 
Single 
SV 
power 
supply 


4MHz 
operation 
(at 
SV±IO%)) 


Data 
transfer 
rate 
2M 
bytes/sec. 
(at 
4MHz) 
Data 
transfer 
in max. 
64K 
byte 
block 
length. 


Address 
generation 
with 
incrementing, 
decrementing, 
or 
fixed 
address 


by 
source 
and 
destination. 
Built-in 
daisy 
chain 
structure 
interrupt 
circuit. 


Low 
power 
consumption 
10uA 
MAX 
(SV, 
stand-by) 
Extended 
operating 
temperature 


-40'c 
to 
8S'c 
Transfer, 
search, 
or 
transfer/search 
operations 
can 
be 
specified. 
Byte, 
burst 
or 
continuous 
modes 
can 
be 
specified. 


Bit 
maskable 
byte 
searching 
function. 


(10) 
(11) 
(12 ) 


Further, 
in 
the 
following 
text 
and 
explanations 
for 
charts 
and 
tables, 


hexadecimal 
numbers 
are 
directly 
used 
without 
giving 
an 
identification 
to 


explanation 
of 
address, 
etc. 
to 
the 
extent 
not 
to 
cause 
confusions. 


The 
pin 
connections 
and 
I/O 
pin 
names 
and 
brief 
functions 
of 
the 
TMPZ84ClOP 
are 
shown 
below. 


2. I 
Pin 
connectio~s 


The 
pin 
connections 
of 
the 
TMPZ80ClOP 
are 
as 
shown 
in 
Fig. 
2.1. 


At 
/\6 


/'.ii" 
A7 
A3 
3 
lEl 
A2 
4 
,',7 
I ~JT/PULSE 


A' 
5 
36 
lEG 


AC 
5 
3b 
rJ() 
C;.J\ 
7 
"4 
Dl 


WR 
33 
IJ2 
R!l 
.32 
"3 
lOR" 
31 
D4 
VCC 
30 
VSS(QV) 


~ 
29 
I>5 


llAO 
28 
1)6 


BAr 
27 
1)7 


BUSR;;'t 
26 
M1 


l~F~\\iAIT 
25 
FliY 


,\16 
24 
A8 


A14 
8 
<3 
A9 
A13 
22 
;,10 


A12 
21 
A1] 


Pi.n Name 
I Number I Input/Output 
I 
lof 
Pinl 
3-state 
AO 
- A15 
16 
Output 
3-state 


WR 
I/O 


3-state 


RD 
I/O 


3-state 


l6-bit 
address 
bus. 


DMA 
output 
address 
bus 
to 
source 
port 
and 
destination 
ort. 


Single 
phase 
clock 
si.gnal. 


Clock 
input 
to 
DMA. 
The 
same 
clock 
as 
that 


for 
MPU 
can 
be 
used. 


Wri te 
signal. 


When 
used 
as 
input, 
MPU 
writes 
to 
DMA 
con- 
trol 
register. 
When 
used 
as 
output, 
DMA 
controls 
write 
to 
the 
memory 
or 
I/O 
port 
address. 
Read 
signal. 


When 
used 
as 
input, 
MPU 
reads 
out 
of 
DMA 


status 
register. 
When 
used 
as 
output, 
DMA 
controls 
read 
from 
the 
memory 
or 
I/O 
port 


address. 


[ 


[ 


[ 


[ 
I 


[ 
I 
I 
I 
I 


INT/PULSE I 
I 
I 
I 
I 


[ 
I 
I 


[Numberllnput/Outputl 
lof Pin I 
3-state 
I 
I 
I 
I/O 
[ 
I 
[3-state 
[ 
I 
I 
I 
I 
[Output 
[ 
I 
I 
3-state 
I 
I 
I 
I 
I 
I 
Output 
I 
[[ 
I 
I 
[ 
I 


[ 
[ 
I 
I 
I 
I 
I 
I 
I 
I 


[ 
[ 


[ 
[ 
I 
[ 


[ 


[ 
I 
I 
I 
I 
I 


[ 
I 
I 
8 
[ 
I 
I 
I 


[ 
I 


[ 


[ 
I 


[ 


[ 


[ 


[ 
I 
I 
I Power 


[ 
I 
I Power 
I 


I 
I 
I 


[ 


[ 
I 
I 


[ 
I 
I 
I 


[ 


[ 
I 
I 
I 
I/O 
[ 
3-state 
[ 
I 
I 
I 
Output 
I 
I 


[ 
I 
I 
I 
I 
I 
Output 
[ 


[ 
I 
supply I 
I 


[ 
supply[ 
OV 
I 


I/O request 
signal. 
When 
I/O data 
is read 
or written, 
DMA 
con- 
rols 
read/write. 
Memory 
request 
signal. 
When 
memory 
data 
is read 
or written, 
DMA 


controls 
read/write. 
Bus 
line 
enable 
output 
signal. 
In the 
several 
DMA 
configuration, 
controls 


riorit 
for 
the 
bus 
usin 
ri ht. 
Bus 
line 
enable 
input 
signal. 
Indicates 
that 
the 
system 
bus 
using 
right 
is released 
for 
DMA 
control. 
Bus 
line 
enable 
input 
signal. 
Indicates 
that 
the 
system 
bus 
control 
are 


sent 
to MPU. 
Open 
drain. 
Chip 
enable/wait 
signal. 
Normally, 
operates 
as CE 
but 
it 
is possible 


to program 
to operate 
as WAIT 
at 
time 
of 
data 
transfer. 
Ready 
signal. 


Monitored 
by 
DMA 
to determine 
effective 


polarity. 
Effective 
polarity 
is 
programmable. 
Signal 
showing 
machine 
cycle 
1. 
Indicates 
that MPU 
is 
in the 
operation 
code 


fetch 
cycle 
or 
interruption 
acknowledge. 
8-bit 
bidirectional 
data 
bus. 
Control 
byte 
from MPU, 
status 
byte 
from 
DMA 


and 
data 
from 
the 
memory 
or 
I/O 
are 
trans- 
ferred 
through 
these 
terminals. 
Interrupt 
enable 
output 
signal. 
Using 
jointly 
with 
lEI, 
forms 
the 
daisy 


chain 
structure 
for 
interrupt 
priority 
when 
several 
peripheral 
LSI' 
are 
connected. 


Interrupt 
enable 
input 
signal. 
Using 
jointly 
with 
lEO, 
forms 
the daisy 


chain 
structure 
for 
interrupt 
priority 


when 
several 
peripheral 
LSI' 
are 
connected. 


Interrupt 
request 
signal 
For 
interrupt 
request 
and 
pulse 
generation. 


Open 
drain. 


INTER- 


RUPTION 
BUS 


PRIORI TY 


CIRCUIT 


CE/WAIT 


RDY,Ml 


IOR«, 
MREX< 


RD,WR 


3.2 
System 
configuration 


The 
architecture 
(system 
configuration 
and 
functions) 
which 
must 
be 
known 
in using 
DMA 
will 
be 
described 
here. 


Components 
(1) 
Control 
& status 
register 
groups 


(2) 
Bus 
control 
circuit 


(3) 
Pulse 
circuit 


(4) 
Byte 
couter 


(5) 
Byte 
equality 
circuit 
(6) 
Port 
A 
address 
(7) 
Port 
B address 
(8) 
Interruption 
pirority 
circuit 


3.2.1 
Control 
& status 
register 
groups 
The 
DMA 
is 
provided 
with 
21 writable 
regiser 
control 
register 
group 
and 
7 
readable 
register 
status 
register 
group. 
Registers 
are 
all 
in 8 
bits 
but 
2 
byte 
data 
is 
held 
in 
optional 
2 
continued 
registers. 
The 
Z80 
Micro- 
processor 
(hereinafter 
referred 
to 
as 
MPU) 
is 
capable 
of 
setting 
and 
monitoring 
values 
in 
respective 
registers. 


The 
control 
register 
group 
is 
classified 
into 
7 
groups 
of 
WRO 
(Fig. 
3.2), 
each 
of 
which 
is 
consisting 
of 
the 
basic 
register 
and 
registers. 
The 
operation 
of 
DMA 
is 
controlled 
by 
programming 
control 
register 
group. 


to 
WR7 
related 
in 
the 


The status register group consists of RRO to RR6 
(Fig. 3.3) and are used 


to know state of execution or end of DMA operation. 
Further, these registers are described 
in detail in 3.4 Commands. 


7 
0 


1 
Basic register 
I 
8 7 
0 RRO 
Start address 
I 


7 
0 


l-S-ta-t-us-by-te-------I 


1 
1 


Byte counter 
(high order 8 bit)1 


---- 
1 


Port A 
Address counter 


(low order 8 bit) 
Port A 
variable timing 


Port B 
variable timing 


Interruption 
control byte 


Port A 
Address counter 
(high order 8 bit 


Port B 
Address counter 
(low order 8 bit) 


Port B Address counter 
(high order 8 bit) 


3.2.2 
Bus 
control 
circuit 


The 
bus 
control 
circuit 
controls 
bus 
direction 
h<?tv;:"'!'nDMA and 
system 
bus 


at 
time 
of 
programming, 
while 
controls 
the 
contr··)L 1)us at 
time 
to 
data 


transfer 
according 
to 
the 
data 
transfer 
direction 
between 
the 
memory 
and 


I/O 
devices. 
In 
addition, 
it 
controls 
updating 
of 
required 
address 


counter 
and 
byte 
counte~. 


(1) 
Bus 
direction 
control 


o 
At 
time 
of 
programming, 
the 
bus 
master 
is 
MPi.! and 
the 
control 
bus 
and 


data 
bus 
(when 
data 
is 
written 
into 
the 
control 
regsiter) 
are 
in 
the 


direction 
from 
the 
system 
bus 
to 
DMA. 
Further, 
when 
data 
(status, 
etc.) 


is 
read 
from 
the 
control 
register, 
the 
direction 
will 
be 
from 
DMA 
to 
the 


sytem 
bus. 
At 
this 
time, 
the 
address 
bus 
buffer 
is 
deisabled. 
o 
At 
time 
data 
transfer, 
the 
bus 
master 
is DMA. 
The 
control 
bus 
buffer 
and 


address 
bus 
buffer 
are 
enabled, 
and 
the 
bus 
direction 
will 
become 
from 
DMA 
to 
the 
system 
bus. 


o 
When 
data 
is 
read 
out 
of 
the 
memory 
or 
I/O 
deivce, 
the 
data 
bus 
direction 


is 
from 
the 
system 
bus 
to 
DMA 
but 
it 
becomes 
in 
the 
direction 
from 
DMA 
to 


the 
system 
bus 
at 
time 
of 
data 
write. 


(2) 
Bus 
request 


If 
DMA 
requeseted 
MPU 
to 
transfer 
the 
bus 
control 
right 
and 
received 
it, 


MPU 
cannot 
fetch 
commands 
from 
the 
memory 
and 
is 
placed 
in the 
completely 


idle 
state. 
For 
DMA 
to 
request 
the 
bus 
control 
right 
to 
MPU, 
following 
2 
enable 


conditions 
are 
required: 
(a) 
Enable 
command 
from 
MPU 
(b) 
Active 
RDY 
condition 


3.2.3 
Pulse 
circuit 


The 
pulse 
circuit 
generates 
pulse 
signals 
on 
the 
INT 
line 
for 
every 
256 


bytes 
of 
a 
to 
255 
when 
data 
transfer 
is 
started. 
The 
detai Is 
are 


described 
in 
3.3.2 
(2) 
(k). 


3.2.4 
Byte 
counter 


The 
byte 
counter 
is 
cleared 
when 
data 
is 
transferred 
and 
is 
incremented 


by 
one 
whenever 
data 
is 
transferred 
for 
every 
1 
byte. 
A 
value 
of 
this 


counter 
is 
always 
compared 
with 
block 
length 
of 
WRO 
and 
when 
they 
agree 


with 
each 
other, 
the 
DMA 
operation 
ends. 


3.2.5 
Byte 
equality 
circuit 


DMA 
always 
monitors 
data 
being 
transferred 
during 
the 
data 
transfer 
and 
when 
equality 
is detected, 
generation 
of 
interruption 
becomes 
possible. 


3.2.6 
Port 
A 
address, 
Port 
B address 
Data 
transfer 
is 
performed 
between 
Port 
A 
and 
Port 
B. 
Either 
port 
is 
specified 
by 
the 
source 
and 
destination 
specified 
by 
WRO. 


3.2.7 
Interrupt 
priority 
circuit 


The 
Z80 
system 
used 
the 
daisy 
chain 
structure 
to 
control 
interrupt 
among 


peripheral 
LSI's 
and 
the 
bus 
priority 
among 
multiple 
DMA's. 
Further, 
for 
the 
interrupt 
timing, 
refer 
to 
3.2.2 
(2) 
(j). 


(1) 
Interrupt 
daisy 
chain 
When the 
interrupt 
priority 
is 
connected 
in 
the 
daisy 
chain 
structure, 


connect 
lEI 
and 
IEO. 
When the 
interrupt 
is 
acknowledged, 
the 
interrupt 
configuration 
of MPUis 
disabled. 
In order 
to allow 
other 
peripheral 
LSI 


to 
make 
the 
interrupt 
into 
MPU, it 
is 
necessary 
to 
enable 
the 
MPU's 


interrupt 
configurat 
ion 
by the 
interrupt 
enable 
command. 
The 
interrupt 


enable 
command is 
normally 
executed 
in 
the 
service 
rout ine. 
When the 
interrupt 
enable 
command is 
executed 
in 
the 
early 
part 
of 
the 
service 


routine, 
a 
peripheral 
LSI with 
higher 
priority 
can 
make 
the 
interrupt 
even 
when MPU is 
executing 
the 
service 
routine. 
(Interrupt 
in 
the 
nest 
structure 
is 
authorized.) 


TO 
INTERRUPTION 


DEV ICE 
IN 
LOWER 
JoRIORITY 
ORDER 


(2) 
Bus request 
daisy 
chain 
When multiple 
DMA's are 
used, 
priority 
can 
be 
controlled 
by 
the 
daisy 
chain 
structure 
connection. 
Since 
BUSREQ signal 
of 
each 
DMA is 
bidi rec tiona 1 
type, 
each 
DMAin 
the 
da isy 
cha in 
is 
abIe 
to 
know bus 
requests 
as 
an 
input 
and 
until 
a 
DMAhaving 
the 
bus 
completes 
its 
operation, 
the 
bus 
requests 
of 
other 
DMA's are 
kept 
in 
wait 
state. 
Untile 
completion 
of 
the 
operation, 
any DMAis 
not 
able 
to 
release 
the 
bus 
in 
operation 
by force. 
Further, 
the 
bus 
request 
daisy 
chain 
has 
no 
nesting 
function 
but 
is 
able 
to 
hold 
the 
bus 
until 
its 
process 
is 
completed. 
The priori 
ty 
among DMA's in 
the 
da isy 
cha in 
is 
in 
order 
from high 
order 


to 
low order 
corresponding 
to 
distances 
from MPU. 
Priority 
is 
so decided 
that 
low order 
DMAwill 
not 
receive 
BUSACKsignal 
through 
BAI/BADchain 
of 
DMAwhen multiple 
DMA's made the 
bus 
request 
in 
the 
same clock 
cycle 
period. 


3.2.8 
Basic 'functions 
DMA is provided with the following basic 
functions: 


(1) 
Data transfer paths 
1] 
Transfer between memory and I/O 
2] 
Transfer between memories 
3] 
Transfer between I/O and I/O 
4] 
Memory search 


5] 
I/O search 


(2) 
Operating classes 


(3) 
Operation modes 


1] 
Byte mode 
2] 
Burst mode 
3] 
Continuous mode 


(4) 
Transfer speed 


(5) 
Operating conditions 


(6) 
Automatic restart 


(7) 
Variable cycle 


(8) 
Pulse generation 


3.2.8.1 
Data transfer paths 


The data transfer paths of DMA are as shown in Fig. 3.6. 
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I 
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1< 
I 
I 
DMA 
I 
I 
I 
I 
I 
4] 
I 
I 
5] 
I 
1-->1 
\ <--\ 


I/O 
1] 
Trnasfer between 
memory and I/O 


2] 
Transfer between 
memories 
3] 
Trnasfer between 
I/O and I/O 


4J 
Memory search 


I/O 
5] 
I/O search 


(1) 
Transfer between memory and I/O 
This is the most ordinary method of data 
transfer and data transfer with 


the high speed serial interfaces (Z80SIO, etc.) 
is possible. 


(2) 
Transfer between memories 
This method of transfer is used for relocation of the memory 
content and 


high 
speed 
transfer 
of 
voluminous 
data 
between 
memories. 
In 
addition, 


this method 
is 
used 
to 
support 
memory 
mapped 
I/O. 
It 
is 
possible 
to 


program to make RDY conditions active for this type of data transfer. 
The same function as that of LDIR command 
(block transfer command) of the 


Z80 
MPU 
is provided. 
Number of 
clocks 
required by MPU 
for 
transfer 
of 
data of single byte is 21 clocks in case of the LDIR command while it can 
be processed 
in 4 
clocks when 
DMA 
is used 
(in case of 2 
cycle 
variable 


timing). 
Further, when DMA 
is used, approx. 420 clocks are required 
for 
initialization but 
in transfering data of 25 bytes or above, DMA becomes 


advantageous. 


Transfer 
between 
r/o 
and 
r/o 
This 
method 
of 
transfer 
can 
be 
used 
in 
such 
appl 
ications 
as 


of 
real 
time 
data 
requiring 
temporary 
storage 
of 
input 
instance, 
in 
transfering 
data 
from 
a 
diskette 
to 
a 
line 
program 
only 
starts 
the 
DMAoperation 
and 
data 
is 
tranferred 
I/O. 
However, 
if 
I/O 
error 
occurred, 
its 
recovery 
becomes 
Further, 
when 
there 
is 
a 
byte 
equality, 
it 
is 
possible 
to 
various 
operations 
by 
the 
search 
function. 


acquisition 
data. 
For 


printer, 
a 
from 
I/O 
to 


necessary. 
branch 
into 


(4) 
Memory 
search 
This 
memory 
search 
is 
used 
to 
search 
a 
large 
quantity 
of 
data 
at 
high 


speed. 
The 
same 
function 
as 
that 
of 
CPTR command 
(sarch 
command) 
of 
the 
Z8G MPU is 
provided. 
Number 
of 
clocks 
required 
by 
MPU for 
single 
byte 


memory 
search 
is 
21 
clocks 
when 
the 
CPTR command 
is 
used 
while 
the 
search 
is 
possible 
in 
2 clocks 
(in 
case 
of 
2 
cycle 
variable 
timing) 
when 
DMA is 
used. 
Further, 
approx. 
376 
clocks 
are 
required 
for 
initialization 
when 
DMA is 
used 
and 
therefore, 
DMA is 
advantageous 
for 
memory 
search 
of 
more 


than 
19 
bytes. 
In 
addition, 
the 
search 
of 
special 
bytes 
in 
the 
end 
of 
block 
and 
character 
check 
block 
is 
also 
possible. 


(5) 
I/O 
Search 
This 
is 
used 
for 
search 
of 
special 
bytes 
in 
the 
end 
of 
block 
and 
character 
check 
block. 
For 
instance, 
this 
is 
used 
for 
search 
of 
a 
file 


mark 
showning 
a 
file 
delimiter 
on 
a magnetic 
tape. 


3.2.8.2 
Operating 
classes 
There 
are 
3 
kinds 
of 
basic 
operation 
classes 
for 
DMA. 
2 
out 
of 
these 
3 
kinds 
are 
further 
divided 
into 
2 
classes. 
In 
addition, 
the 
ports 


referred 
to 
here 
denote 
the 
data 
source 
and 
destination. 


(1) 
Data 
transfer 
between 
2 ports 


1] 
Trans 
fer 


Data 
transfer 
path 
in 
the 
flow 
of 
readout 
cycle 
followed 
by 
wri te 


cycle. 
This 
is 
executed 
without 
external 
logic 
circuit 
between 
DMA and 


MPU. 
Simultaneous 
transfer 
Data 
transfer 
path 
for 
simultaneous 
read 
and 
write 
of 
data 
tranferred 
between 
ports 
by 
generating 
required 
control 
signal 
through 
use 
of 
an 


external 
logic 
circuit. 
2 
times 
of 
efficiency 
of 
the 
transfer 
only 
class 
is 
obtained. 


(2) 
Search 
of 
special 
bit 
pattern 
in 
byte 
at 
one 
port 


1] 
Search 
This 
is 
a 
method 
to 
search 
special 
bit 
pattern 
by 
comaparing 
data 
read 
from 
the 
source 
port 
with 
a 
matched 
byte. 
The 
matched 
byte 
is 
masked 
by 
another 
byte 
and 
can 
be 
compared 
with 
a 
special 
bit 
pattern 
(a 
certain 
bit 
in 
bytes). 


(3) 
Data 
transfer 
between 
2 ports 
and 
search 


1] 
Transfer/search 
Data 
transfer 
is 
performed 
in 
the 
same 
transfer 
method 
as 
that 
of 
the 
only 
transfer 
class 
and 
at 
the 
same 
time, 
the 
same 
search 
as 
that 
for 
the 
search 
only 
class 
is 
performed. 


2] 
Simultaneous 
transfer/search 
Data 
transfer 
is performed 
in 
the 
same 
transfer 
method 
as 
that 
of 
the 


simultaneous 
transfer 
class 
and 
at 
the 
same 
time, 
the 
same 
search 
as 


that 
for 
the 
search 
only 
class 
is performed. 


In this 
case, 
an external 
logic 
circuit 
is required. 


3.2.8.3 
Operation 
modes 
In the 
transfer 
methods 
for various 
operation 
classes, 
DMA 
can 
select 
the 
following 
modes: 
o 
Byte mode 
o 
Burst 
mode 
o 
Continuous 
mode 


The 
single 
by~e 
transfer/search 
is shown 
in Fig. 
3.7 
(commonly 
applicable 


to all modes). 


o 
CONTINUITY 


o 
BUS 
RELEAS E 


o 
INTERRUPT 


The 
data 
transfer 
is started 
at 
the 
point 
of 
time 
when 
DMA 
is enabled. 
In 
the 
first 
single 
byte 
operat ion 
in 
any 
mode, 
RDY 
signa I 
is 
firs t 


checked 
to determine 
if it 
is active. 


Then, 
the 
bus 
request 
is 
made 
and 
single 
byte 
transfer/search 
is 


performed 
when 
DMAbecomes 
the 
bus 
master. 
The 
same 
operation 
is 
continued 
until 
the 
end of block 
judgement 
is 
made. 
If 
it 
is 
not 
the 
end 
of 
block, 
however, 
a di f ferent 
opera t ion 
is 
carried 
out 
after 
judgement 
of 
RDYsignal. 
The operations 
in 
respective 
modes are 
as 
shown in 
Fig. 
3•8, 
3.9 
and 3. lO• 


(l) 
Byte mode 
In 
the 
data 
transfer 
operation 
of 
DMA, the 
system 
bus 
control 
right 
is 
released 
whenever 
1 byte 
is 
transferred 
at 
a 
time 
and 
the 
system 
bus 
control 
right 
is 
returned 
to 
MPUfor 
at 
least 
one machine 
cycle 
period. 
If 
RDYsignal 
of 
DMAis 
active 
when one machine 
cycle 
passes 
after 
the 
system 
bus 
control 
right 
is 
returned 
to 
MPU, the 
bus 
request 
is 
made 


again 
to MPUand next 
one byte 
data 
transfer 
is 
performed. 
Further, 
when 
RDY signal 
is 
non-active, 
the 
system 
bus 
control 
right 
is 
retained 
by 
MPU. This 
operation 
is 
shown in Fig. 
3.8. 


a 
INTERRUPT 


a 
BUS 
RELEASE 


o 
AUTOMATIC 
RESTART 


(2) 
Burst 
mode 
In 
the 
burst 
mode, 
after 
one 
byte 
data 
is 
transferred, 
ROY 
signal 
is 


checked 
to determine 
if 
it 
is 
active 
whithout 
abandoning 
the 
system 
bus 


control 
right. 
If ROY 
signal 
is active, 
data 
transfer 
is continued 
until 


ROY 
signal 
becomes 
non-active 
and 
after 
the 
data 
transfer 
is 
completed, 


DMA 
stops 
to operate. 
Since 
MPU 
is ready 
to operate 
during 
the 
period 
in 


which 
I/O 
device 
does 
not 
transfer 
data 
(when 
ROY 
signal 
is non-active), 


data 
transfer 
rate 
and 
bus 
using 
efficiency 
are 
effective. 
This 
operation 
is shown 
in Fig. 
3.9. 


o 
INTERRUPT 


o 
BUS 
REI,EASE 
o 
AUTOMATIC 
RESTART 


(3) 
Continuous 
mode 
When 
the 
data 
transfer 
is 
commenced, 
OMA 
retains 
the 
system 
bus 
control 
right 
until 
the 
transfer 
of 
last 
byte 
of a data 
block 
is completed 
or the 
stop 
condition 
of ROY 
signal 
becomes 
non-active 
during 
the operation, 
OMA 
is simply 
put 
in the 
idle 
state 
and 
still 
retains 
the 
system 
bus 
control 
right 
while 
waiting 
that 
ROY 
signal 
becomes 
active 
again. 
What 
must 
be 
taken 
care 
of 
Is that 
if number 
of 
data 
bytes 
is smaller 
than 
that 
set 
in 
the 
byte 
counter, 
OMA 
cannot 
end 
the 
block 
transfer 
forever 
and 
the 
system 
is impeded 
to operate 
properly. 


This 
operation 
is shown 
in Fig. 
3.10. 


o 
INTERRUPT 


o BUS RELEASE 
o AUTOMATIC 
RESTART 


3.2.8.4 
Transfer 
speed 


Shown 
in 
Table 
3.1 
are 
the 
comparison 
of 
max. 
transfer 
rates 
in 


transfer 
classes 
of 
DMA 
operation 
and 
that 
of 
max. 
transfer 
rates 
in 
block 
transfer 
command 
of 
MPU. 
The 
max. 
speed 
transfer 
rate 
is 


accomplished 
in 
the 
simultaneous 
transfer 
operation 
of 
DMA 
and 
at 
least 


one 
external 
logic 
circuit 
is 
required. 
DMA 
transfers 
shown 
in 
the 
table 


are 
based 
on 
the 
assumption 
that 
interruption 
is 
not 
involved 
in 
the 


burst 
or 
continuous 
mode, 
and 
that 
the 
read 
and 
write 
cycle 
is 
2 cycles. 


2-80 


(2.5 
MHz) 


2-80 


(4.0 
MHz) 


Simultaneous 
transfer 


of 
DMA 
DMA 
search 
only 


Simultaneous 
transfer/ 
search 


DMA 
transfer 
DMA 
transfer/search 


Block 
transfer 
command 


of 
MPU 


Shown 
in Table 
3.2 
is 
the 
comparison 
of 
the 
280 
throughput 
reduction 
rate 
(per 
transfer 
K 
baud) 
in 
the 
byte 
mode 
of 
data 
transfer 
by 
DMA 
with 
the 


throughput 
reduction 
rate 
in 
the 
byte 
transfer 
using 
the 
interrupt 
service 
routine 
by 
six 
commands 
(actual 
minimum) 
by 
MPU. 
The 
DMA 


transfer 
in 
this 
data 
is 
based 
on 
the 
assumption 
that 
read 
and 
write 


cycle 
timing 
is 
longer 
than 
2 
cycles 
(min.). 
Therefore, 
MPU 
throughput 


reduction 
rate 
in 
the 
2 
cycle 
simultaneous 
tranfer 
is 
further 
reduced. 


Table 
3.2 
2-80 
MPU 
throughput 
reduction 
per 
DMA 
transfer 
K 
baud 


(byte 
mode) 


2-80 


(2.5 
MHz) 


2-80 
(4.0 
MHz) 


DMA 
transfer 
I 


DMA 
transfer/search 
I 
MPU 
transfer 
by 
interrupt 


3.2.8.5 
Operating 
conditions 


Programmable 
conditions 
to 
get 
DMA 
perform 
certain 
operations 
and 
these 
operations 
are 
shown 
in 
Table 
3.3 
(a) 
and 
(b). 
The 
conditions 
referred 
to 
here 
are 
those 
conditions 
for 
the 
internal 
registers 
of 
DMA, 
signals 


from 
peripheral 
LSI' s 
and 
commands 
to 
DMA 
on 
the 
data 
bus. 
For 
detai ls 
refer 
to 
Table 
3.3 
(a) 
and 
(b). 


Operations 
that 
can 
be caused 
under 
conditions 
at 
left hand 
a. Bus 
release 
b. MPU 
interruption 
c. Automatic 
restart 


Pulse 
control 
byte 
coincided 
with 
low order 
byte 
of byte 


counter 
RDY 
signal 
is active 


RETI 
command 
(interruption 
return 
command 
from MPU) 


Operations 
that 
can 
be caused 
under 
conditions 
at 
left 
hand 
a. Bus 
release 
b. MPU 
interruption 
c. Continuation 
a. Pulse 
generation 


a. Bus 
req uest 
b. MPU 
interruption 
a. 
Bus re lease 
b. Breaking 
(in case 
of 
continuous 
mode) 


a. 
Bus request 


3.2.8.6 
Automatic 
restart 
In 
DMA 
data 
transfer, 
it 
is 
possible 
to 
automatically 
clear 
the 
byte 
counter, 
load 
the 
content 
of 
the 
start 
address 
register 
on 
the 
address 


counter 
again 
and 
restart 
the data 
transfer 
at 
the end 
of block. 


The 
automatic 
restart 
function 
can 
reduce 
a burden 
of 
software 
on 
MPU 
in 


the 
CRT 
refresh 
or 
repeating 
operation. 
In 
addition, 
it 
is 
possible 
to 
write 
a different 
start 
address 
into 
the 
buffer 
register 
during 
the 
data 


transfer 
(when 
RDY 
signal 
is 
non-active 
and 
the 
bus 
is 
released 
during 


the 
data 
transfer 
in 
the 
byte 
mode 
or 
burst 
mode). 
At 
this 
time, 
it 


becomes 
possible 
to commence 
the 
automatic 
restart 
of 
data 
transfer 
from 


a new 
start 
address. 


3.2.8.7 
Variable 
cycle 
DMA 
is 
capable 
of 
changing 
readout 
and 
write 
cycle 
lengths 
through 
programming. 
This 
function 
is effective 
in increasing 
data 
transfer 
rate 
and 
reducing 
a burden 
on a software, 
and 
an external 
logic 
circuit 
may 
be 
omitted. 
Refer 
to 3.3.2 
(2) 
(i) where 
this 
function 
is described. 


3.2.8.8 
Pulse 
generation 
DMA 
generates 
pulse 
signal 
on 
the 
INT 
line 
for 
every 
256 
bytes 
for 
data 
transfer. 
This 
is described 
in detail 
in 3.3.2 
(2) 
(k). 


3.2.9 
Interrupt 


DMA 
is 
able 
to 
make 
an 
interrupt 
request 
to 
MPU 
under 
the 
following 


condi tions: 


o 
After 
OMA's 
ROY 
signal 
becomes 
active 
and 
before 
OMA 
makes 
a 
bus 


request 
(BUSREQ = "0"). 


o 
When the content of the byte counter coincides with that of the block 
length register and the end of block is detected. 


o 
When 
the 
content 
of 
the 
coincided 
byte 
masked 
by 
the 
mask 
byte 


coincides with 
data 
in the 
transfer 
or search 
period when 
the 
byte 
coincidence 
is formed. 


To make 
an interrupt request to MPU, 
it is necessary 
for OMA 
to release 


the 
bus. 
If OMA 
is the 
bus master, 
signal 
on 
the 
INT 
line 
generates 
periodic 
pulses 
to the peripheral 
LSI's, 
which 
are 
not 
sensed 
by MPU. 
Therefore, 
at 
the end 
of 
block 
or after 
stop 
by 
byte 
coinc idence, 
IMA 


releases the bus before interrupting MPU. 


If 
interrupt 
at 
the 
end 
of 
block 
and 
automatic 
restart 
at 
the 
end 
of 


block are set for OMA by programming, an interrupt is taken place at each 
end 
of 
block 
(at 
this 
point 
of 
time, 
it 
is 
acknowledged 
for 
the 
continuous 
operation). 
If the automatic 
restart 
is programmed 
in 
this 
case, the status flag at the end of block 
is not set. 
In this case, the 
interrupt vector cannot determine a factor for that interrupt. 


On 
the 
system. 
Priority 
(2) 
(j). 


z80 
system, 
interrupt 
is 
controlled 
through 
the 
daisy 
cha in 


For 
the 
interrupt 
daisy 
chain, 
refer 
to 
3.2.7 
Interrupt/ 


Circuit. 
In addition, for the interrupt timing, refer 
to 3.3.2 


3.3 
Status change flowchart and basic timing 
The status change flowchart and the basic data transfer timing by DMA are 
shown here. 
The status change flowchart 
is shown in 3.3.1 and the basic 
timing in 3.3.2. 


o 
CONTINUITY 


o 
BUS 
RELEASE 


o 
INTERRUPT 


The 
details 
for 
single 
byte 
transfer/search 
is 
shown 
in 
Fig. 
3.1l(b) 


Status 
Change 
Flowchart. 


3.3.2 
Basic 
timing 
When 
OMA 
receives 
a command 
from MPU 
or 
reads 
the 
readout 
register, 
MPU 
has 
the system bus control 
right, 
BUSACK 
= "1", and MPU 
is called 
the bus 


master. 
When OMA operation 
is data 
transfer 
by OMA 
proper, 
BUSACK 
= "0", 


and OMA gets the system bus control 
right 
and becomes 
the bus master. 


(1) 
When 
the bus master 
is MPU: 
(a) 
Write 
timing 
into the write 
register 


To write 
data 
into the write 
register, 
it is necessary 
for 3 signals 
of 
CE, 
IORQ 
and 
WR 
to 
become 
"0" 
simultaneously 
at 
the 
rising 
edge 
of 
clock. 
At 
this 
leading 
edge, 
OMA 
latches 
these 
3 
signals. 
After 
latched, 
CE, 
IORQ and WR 
signals may 
change 
to the 
invalid 
level after 


certain 
hold 
time. 
Further, 
OMA writes 
the status 
of 
the data 
bus 
(00 
to 07) 
into necessary 
write 
registers 
at the rising edge of next clock. 


CE, 
lOR", 
WR 
DATA 
IN 
DO 
TO 
D7 
ARE 


SIGNALS 
ARE 
LATCHED. 
WRITTEN. 


Fig. 3.12 
Write 
Timing 
into the Write 
Register 
of OMA 


(b) 
Readout 
timing 
from the readout 
register 


To 
readout 
the readout 
register 
it 
is necessary 
that 
3 signals 
of 
CE, 


IORQ 
and 
RO 
are 
at 
"0" 
and 
stable 
for 
more 
than 
2 
clocks. 
At 
the 
rising 
edges 
of 
2 clocks, 
the status 
data 
is on 
the data 
bus 
and 
kept 
as long as CE, IORQ and WR signals 
are active. 


(2) 
When 
DMA 
is the bus master: 
(a) 
Transfer 
Transfer 
and 
transfer/search 
operations 
are 
performed 
at 
the 
same 


timing. 
Data 
is 
latched 
at 
the 
rising 
edge 
of 
RD 
signal 
(in 
case 
of 
the 


standard 
t1m1ng, 
the 
falling 
edge 
of T3 
state) 
and held 
on the 
data 
bus 


during 
next 
write 
cycle. 
After 
RD 
signal 
becomes 
"1", 
the 
data 
bus 


buffer 
of 
DMA 
is enabled. 
The 
standard 
timing 
is 3 clock 
cycles 
for the memory 
operation 
while 
it 


is 
4 
clock 
cycles 
for 
the 
I/O 
operation. 
In 
addition, 
in 
the 
I/O 


operation, 
the 
timing 
is 
4 
clock 
cycles 
including 
TW* 
which 
is 


automatically 
inserted 
between 
T2 
and T3 
state. 
When 
CE/WAIT 
signal 
is 
programmed 
as 
"Multiplex" 
in 
the 
write 
regiser 
WR5, 
DMA 
samples 
the 
status 
of 
this 
signal 
at 
the 
falling 
edge 
of T2 
in 


case 
of 
the 
memory 
readout 
and 
at 
the 
falling 
edge 
of 
TW* 
in 
case 
of 


the 
I/O 
write. 
If 
WAIT 
signal 
is 
at 
"0" 
level 
at 
this 
time, 
IMA 
inserts 
one 
clock 
cycle 
(Tw) 
and 
if 
it 
is 
at "1" 
level, 
proceeds 
to 


next 
cycle. 
Further, 
when 
Tw 
is inserted, 
WAIT 
signal 
is sampled 
again 


during 
this 
period 
and 
the 
same 
processing 
is performed. 


0 
Memory 
to I/O 


MEMORY READ 
CYCLE 
I/O 
WRITE 
CYCLE 


"I 
tl 
T2 
T3 
Tl 
T2 
T3 


CLK 


AO - 
A15 
1/0 
ADDRESS 


--------i---1-~\-I---~-- 
--- 
-- -I----~ I \J----~-- 


In the 
memory readout, 
OMAput 
the 
memory address 
on the 
memory bus 
(AO 


to 
AS) in 
the 
period 
of 
Tl 
rise 
and bring 
MREQand RO signals 
to 
"0" 


level 
at 
the 
falling 
edge of Tl 
state. 
The memory data 
is 
read 
out 
at 


this 
point 
of 
time, 
put 
on the 
data 
bus 
(00 
to 
On, 
latched 
by DMAat 


the 
falling 
edge 
of 
T3 immediately 
before 
the 
rise 
of 
RiS 
signal, 
and 
when RD signal 
becomes "1" 
level, 
DMAdata 
bus 
buffer 
is 
enabled 
and 


the 
latched 
data 
is 
output 
on the 
data 
bus. 


In the 
I/O write 
cyle, 
DMAput 
I/O address 
on the 
address 
bus 
in the 
TI 


rise 
operiod, 
makes 
IORQ signa I and WRsigna 1 to 
"0" 
leve 1 
in 
the 
T2 


rise 
period, 
and writes 
the 
data 
on the 
data 
bus 
(data 
readout 
from the 


memory) into 
I/O. 


o 
I/O to memory 
In the 
I/O readout 
cycle, 
OMAput 
I/O address 
on the 
address 
bus 
in 
the 


Tl 
rise 
period 
and makes 
IORQ signal 
and 
RiS 
signal 
to 
"0" 
in 
the 
T2 


fall 
period. 
I/O data 
is 
read 
out 
and placed 
on the 
data 
bus 
at 
this 


time, 
and 
is 
latched 
by 
OMAat 
the 
trailing 
edge 
of 
T3 
immediately 


before 
the 
rise 
of 
iill signal. 
When RO signal 
becomes 
"1" 
level, 
OMA 


data 
bus 
buffer 
is 
enabled 
and the 
latched 
data 
is 
output 
on the 
data 


bus. 


I" Tl 


MEMORY 
WRITE 
CYCLE 


'I 


READ 
f IORQ. 
1 
RD 


WRITE rMREQ. 
1 
WR 
I 


=~~l----1'71\~---t--- 
--- 
~--- 
--- 


In the 
memory write 
cycle, 
DMAplaces 
memory address 
on the 
address 
bus 


in 
the 
Tl 
fall 
period, 
makes 
MREQsignal 
to 
"0" 
level 
at 
the 
falling 


edge 
of Tl and WRsignal 
to 
"0" 
level 
in 
the 
T2 rise 
period, 
and write 


data 
on the 
data 
bus 
(data 
readout 
from I/O) 
into 
the 
memory. 


o 
Memory to memory 
This 
operation 
is 
a 
combined 
operation 
of 
the 
memory read 
cycle 
and 


memory write 
cycle. 


-- - - -1 '- - - - - - -j-rh,-t---t- 
---- 
.J I\- 
--- 
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o 
I/O 
to 
I/O 
This 
operation 
is 
a combined 
operation 
of 
the 
I/O 
read 
cycle 
and 
I/O 


write 
cycle. 


(b) 
Search timing 
The 
search 
operation 
is 
identical 
to 
the 
readout 
only 
operation 
and 


data is only read into DMA register for comparison with coincided byte. 


The 
timing of search operation 
is identical 
to that of memory 
to I/O 


transfer shown in Fig. 3.14 and that of 
I/O to memory 
transfer 
in Fig. 


3.15. 


(c) 
Simultaneous transfer 
The 
simultaneous 
transfer 
operation 
and 
the 
simultaneous 
transfer/ 
search operation are performed 
in the same timing. 
When 
DMA 
is 
programmed 
in 
the 
search 
only 
mode, 
the 
read 
and 
write 


cycles are 
generated 
in one read 
cycle 
(source port 
readout 
period). 
Since only one address 
is generated 
on 
the address 
bus, 
the memory 
or 


I/O control signal is generated using an external logic circuit and DMA 
operation 
is performed according 
to this control signal. 
In addition, 


I/O ports are selected by hardware during the operation. 
Signals with 


(EXT) shown 
in Fig. 
3.18 through 
Fig. 
3.21 
are 
those 
generated 
by 
an 


external logic circuit. 


o 
Memory 
to I/O (Memory search cycle) 
In 
this data 
transfer, 
the memory 
search 
mode 
is 
programmed 
and 
the 


memory 
readout 
and 
I/O 
write 
are 
performed 
in 
one 
read 
cycle 
by 


generating IORQ signal and WR 
signal in the memory 
readout cycle using 


an external logic circuit. 
The hardware performs the memory readout 
by 


MREQ 
signal and RD 
signal that are output by DMA 
and 
the I/O write 
by 


IORQ signal 
and WD 
signal 
that are 
generated 
using 
an external 
logic 


circuit. 


Tl 
T2 


eLK 


AO - 
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MR~ 


~ 
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Fig. 3.18 
Simultaneous Transfer Timing of Memory 
to I/O 


(Memory research timing) 


o 
1/0 to memory 
(Memory search cycle) 
In this data transfer, the memory search mode 
is programmed and the 1/0 


read and memory write operations are performed 
in one readout cycle by 


generating 10RQ signal and WR 
signal in the memory readout cycle using 


an external logic circuit. 
The hardwaer performs the 1/0 readout using 


RD signal output by DMA and 10RQ signal generated by an external 
logic 


circuit and the memory write using MREQ signal generated by DMA and WR 
signal produced by an external logic circuit. 


~ 


~-+x----1 
! 
I 
~I 
MEMORY 
ADDRESS 
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WR£ 
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DO - 
07 


10RClCEXT) 


WR(EXT) 


DATA 
BUS 
IS 
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Fig. 3.19 
Simultaneous Transfer Timing of 1/0 to Memory 
(Memory research timing) 


o 
Memory to 1/0 (1/0 search cycle) 
In this data transfer, the 1/0 search mode is programmed and the memory 
read 
and 
1/0 write 
operations 
are 
performed 
in one 
readout 
cycle 
by 
generating MREQ signal and WR 
signal in the 1/0 readout cycle using an 
external logic circuit. 
The hardwaer performs the memory readout using 


RD signal output by DMA and MREQ 
signal generated by an external 
logic 


circuit 
and 
the 
1/0 write 
using 
10RQ signal 
generated 
by 
DMA 
a;d WR 
signal produced by an external logic circuit. 


o 
1/0 to memory 
(1/0 search cycle) 


In this data 
transfer, 
the 1/0 search mode 
is programmed 
and 
the 
1/0 
read and memory write operations are performed 
in one readout cycle by 
generating MREQ signal and WR 
signal in the 1/0 readout cycle using an 


external 
logic 
circuit. 
The 
hardwaer 
performs 
the 
1/0 readout 
using 


10RQ 
and 
RD 
signals 
output 
by 
DMA 
and 
the 
memory 
write 
using 
MREQ 


signal and WR signal produced by an external logic circuit. 


---1 


T3 
I 


(Note) 
Although 
addresses 
on AD - Al5 
are 
originally 
I/O addresses, 
they 


are 
handled 
as memory 
addresses. 
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(Note) 
Although 
addresses 
on AD - Al5 
are 
originally 
I/O 
addresses, 
they 


are handled 
as memory 
addresses. 


(d) 
Bus 
request 
timing 
When 
RDY signal 
becomes 
active, 
DMA samples 
RDY signal 
at 
the 
rising 


edge 
of 
the 
clock 
and 
if 
the 
bus 
is 
not 
full 
(BUSREQ = 
"1") 
DMAmakes 


BUSREQ signal 
to 
"0" 
level 
at 
the 
rising 
edge 
of 
next 
clock 
and 
request 


MPU to 
hand 
over 
the 
system 
bus 
control 
right. 
MPU samples 
BUSREQ signal 
at 
the 
rising 
edge 
of 
the 
last 
state 
clock 
of 


the 
machine 
cycle 
which 
MPU is 
executing 
at 
that 
point 
of 
time 
and 
if 
it 
is 
"0", 
makes 
BUSACK signal 
to 
"0" 
level 
at 
the 
rising 
edge 
of 
next 
clock. 


Therefore, 
maximum 
value 
of 
a 
time 
required 
for 
MPU to 
hand 
over 


bus 
control 
right 
to 
DMA (BUSACK = 
"0") 
after 
DMA detected 
that 
signal 
becomes 
active 
is 
the 
sum 
of 
one 
machine 
cycle 
(variable) 
one 
clock 
period 
of 
MPU. 


When 
detect 
ing 
that 
BAI 
(BUSACK) 
signa 
1 


period, 
DMAstart 
the 
DMAaction. 
There 
machine 
cycle 
+ 3 clock 
period 
after 
RDY 
DMA action 
is 
actually 
started. 


is 
at 


is 
the 
signal 


"0" 
level 
for 
2 
clock 


delay 
time 
of 
max. 
One 


becomes 
active 
till 
the 


IEXECUTE 
DMA" 


OPERATION 


(e) 
Bus 
release 
timing 
- 
byte 
mode 
In 
the 
byte 
mode, 
DMA makes 
BUSREQ signal 
to 
"1" 
level 
at 
the 
rising 
edge 
of 
the 
clock 
immediately 
before 
end 
of 
each 
data 
transfer 
cycle 
(the 
end 
of 
readout 
cycle 
in 
the 
search 
operation 
and 
the 
end 
of 
write 
cycle 
in 
the 
transfer 
and 
transfer/searach 
operation.) 
Although 
BUSREQ signal 
becomes 
"1" 
before 
the 
end 
of 
DMA cycle 
by 
one 
clock, 
MPU resumes 
the 
operation 
one 
clock 
after 
BUSREQ signal 
becomes 


"1" 
level 
and 
therefore, 
there 
will 
be 
no 
trouble. 


After 
the 
bus 
is 
released, 
next 
bus 
request 
is 
made 
at 
the 
leading 
edge 
of 
the 
clock 
immediately 
after 
both 
BUSREQ signal 
and 
BAI 
signal 
becomes 
"1" 
level. 
RDY signal 
being 
active 
is 
the 
conditions 
for 
this. 


I 


CLK~ 


llU.3REQ. 
~ 
~ 
_ 


BAI(BUSACK) 
------ 


Fig. 
3.23 
Bus 
Release 
Timing 
- 
Byte 
Mode 


(f) 
Bus release at the end of block in the busrst mode or continuous mode 
When it is programmed to stop OMA at the end of block in the burst mode 
or 
continuous 
mode, 
BUSREQ 
signal 
is set 
to "1" 
level 
at 
the 
rising 


edge of the clock at the end of last data transfer. 
This 
last data is 


transferred even when ROY signal becomes non-active. 


(g) 
Bus 
release 
when 
coincidence 
is 
detected 
in 
the 
burst 
mode 
or 


continuous 
mode 


When OMA is set in the burst mode or continuous mode 
and programmed 
to 


stop its operation 
at byte coincidence, 
OMA stops to operated when 
the 


byte coincidence 
is detected. 
Since OMA operation 
is pipelined and the advance 
reading 
is performed, 


a check 
to determine 
if the n 
th data coincides with 
the coincidenced 
byte 
is 
carried 
out 
at 
the 
same 
time 
when 
the 
n 
+ 
1 
st 
data 
is 


transferred. 
Therefore, 
data of N 
+ 
1 byte 
is transferred 
and BUSREQ 


signal is set to "1" level at the leading edge of 
the clock when 
this 


transfer ended. 


~---------G--- 


~ 
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(h) 
Bus release when ROY signal is non-active 
If ROY 
signal becomes 
non-active 
in 
the burst 
mode, 
BUSREQ 
signal 
is 


set to "1" level at the rising edge of next clock after end of the byte 
operation 
that is under execution 
at the time. 
For 
instance, 
this 
is 


done when 
the read 
of 
the search only 
or simultaneous 
transfer/search 
operation 
ended 
or 
when 
the 
write 
of 
the 
transfer/search 
operation 
ended. 
Therefore, 
the action for BUSREQ signal 
is slightly behind the 


action for ROY signal. 


OMA 
always 
does 
not 
release 
the 
bus 
until 
the 
byte 
action 
at 
the 
time 


is completed. 


In contrast 
with 
this, 
in 
the 
continuous 
mode 
BUSREQ 
signal 
is kept 
at 
"0" 
level 
even 
when 
ROY signa 1 becomes 
non-ac tive. 
In addition, 
after 
the byte 
action 
at 
the 
time 
ended 
OMA 
is put 
in 
the 


idle 
state 
until 
ROY 
signal 
becomes 
active 
again. 
This 
figure 
is shown 
in Fig. 
3.26. 


t"" '" 
BUS MASTER 


Timing 
of 
ROY 
signal 
with 
other 
signals 
are 
shown 
in Figs. 
3.27, 
3.28 
and 
3.29. 
In these 
figures 
the memory 
search 
only 
operation 
by 
the 
Z80 


standard 
timing 
by 
mode 
is assumed. 
In 
each 
of 
the 
operation 
modes, 


ROY 
signal 
is sampled 
at 
the 
rising 
edge 
of 
the 
last 
clock 
of 
the 
read 
or write 
cycle 
to determine 
its 
level. 


ROY 
signal 
can 
become 
non-active 
before 
completion 
of 
the 
last 
byte 


operation 
without 
affecting 
its operation. 
In the 
byte 
or 
burst 
mode, 
BUSREQ 
signal 
and 
BAI 
signal 
are 
set 
to 
"1" 
at 
the 
end 
of 
byte 
operation 
of 
ROY 
signal. 
In 
the 
byte 
or 
burst 
mode, 
the 
bus 
control 
signals 
(MREQ, 
IORQ, RD, 
WR) 
are 
also 
kept 
at 
"1" 
level 
as 
long 
as 
ROY 
signal 
is non-active. 
Further, 
the 
address 
bus 
and 
data 
bus 
are 
kept 
in 3 state. 


The 
continuous 
mode 
differs 
from 
other 
modes 
in 
that 
the 
address 
bus 
holds 
an 
address 
which 
is 
incremented 
in 
advance 
against 
next 
byte 
during 
the 
period 
when 
ROY 
signal 
is non-active. 
This 
address 
can 
be 
used 
immediately 
after 
ROY 
signal 
becomes 
active 
again. 


RDY ~I~--------I,f---(\~ 
_ 


BUSREQ. 
~~~j 
~/ 


BAI 
----<~r----<\~ 
__ 
~/ 


I 
I 
I 


--~~----q---d--~--=Q----- ----- 


BUSREe< 
~ 
~ 


BAI 


AO - 
AI5 


~ 


MREe< 


RD 


DO-D7 


(i) 
Variable 
cycle 
When 
programmed, 
DMA is 
capab le 
of 
changing 
read 
and 
wri te 
cyc le 


lengths. 
Source 
and 
destination 
can 
be 
programmed 
independently 
by 
the 


write 
register 
WRl (designation 
of 
Port 
A) 
and 
WR2 (designation 
of 
Port 


B). 
This 
variable 
cycle 
function 
allows 
the 
read 
or 
write 
in 
2, 
3 or 
4 
clock 
cycles 
(more 
clock 
cycles 
if 
Tw 
is 
inserted) 
and 
further, 
can 
increase 
or 
decrease 
pulse 
widths 
of 
all 
signals 
generated 
by 
DMA. 


Four 
signals 
relative 
to 
the 
data 
transfer; 
MREQ, 
IORQ, 
RD 
and 
WR 


signals 
have 
the 
function 
to 
end 
the 
rising 
edge 
timing 
earlier 
by 
1/2 


clock 
independently. 


Differing 
from 
the 
standard 
timing, 
in 
the 
variable 
cycle 
mode 
IORQ 
signal 
becomes 
active 
earlier 
than 
MREQ, 
RD 
and 
WR signals 
by 
1/2 
clock. 
Further, 
CE/WAIT signal 
can 
be 
used 
in 
the 
extension 
of 
3 or 
4 


clock 
cycle 
variable 
memory 
cycle 
and 
4 
clock 
cycle 
variable 
I/O 
cycle 


only. 
In 
the 
3 
or 
4 
clock 
cycle 
memory 
operation, 
CK/WAIT 
signal 
is 
sampled 
at 
the 
T2 
falling 
edge 
while 
it 
is 
sampled 
at 
the 
T3 
falling 
edge 
in 
the 
4 
clock 
cycle 
I/O 
operation. 
In 
the 
2 
clock 
cycle 
operation 
it 
is 
not 
sampled. 
Use 
of 
this 
variable 
cycle 
is 
effective 


in 
increasing 
data 
transfer 
rate 
and 
reducing 
software 
burden 
and 
further, 
can 
eliminate 
an 
external 
logic 
circuit. 
In 
addition, 
this 


function 
provides 
more 
faster 
memory 
read/write 
speed 
than 
normal 


speed. 
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CE/WAIT 


(3 
CYCLE 
AND 4 
CYCLE 


MEMORY OPERATIONS) 


(j) 
Interrupt 
The 
timing 
for 
the 
interrupt 
acknowledge 
or 
return 
from 
interrupt 
is 


identical 
to that 
of other 
z80 
peripheral 
LSI's. 
INT 
signal 
is sampled 


by 
MPU 
at 
the 
rising 
edge 
of 
the 
last 
clock 
of 
all 
commands. 
If 
the 


interrupt 
enable 
is not 
set 
by 
the 
internal 
MPU 
softwre 
or when 
BUSREQ 


signal 
is active, 
this 
INT 
signal 
is not 
accepted. 
When 
INT 
signal 
is 


accpeted, 
IORQ 
signal 
also 
becomes 
active 
at 
the 
same 
time 
(normally, 


MREQ 
signal) 
in 
the 
period 
of 
its 
Ml 
cycle, 
indicating 
that 
the 


interrupting 
LSI 
can 
load 
its 
8-bit 
vector 
on 
the 
data 
bus. 
At 
the 


same 
time, 
two wait 
status 
are 
automatically 
inserted 
into 
this 
cycle. 


This 
is to facilitate 
execution 
of 
the priority 
interrupt 
mechanism 
and 


the 
wait 
status 
of 
2T 
gives 
a 
stabilizing 
time 
to 
IEl 
and 
lED 
signals 


and 
thus, 
it 
becomes 
possible 
to 
identify 
which 
peripheral 
LIS 
will 


react. 


Interrupt 
on ROYsignal 
(interrupt 
before 
the 
bus 
request) 
does 
not 


directly 
affect 
BUSREQsignal. 
The process 
in this 
case 
is 
carried 
out 


by giving 
following 
commands to the 
write 
register 
WR6in the 
interrupt 
service 
routine. 


o 
Enable 
after 
interrupt 
return 
(B7H) 
o 
OMAenable 
(87H) 


o 
Execution 
of 
RETI command to 
reset 
IUS latch 
during 
the 
interrupt 
service 
in the 
Zao DMA(E040H) 


(k) 
Pulse 
generation 
In 
the 
pulse 
generation, 
INT signal 
is 
set 
to 
"0" 
level 
(pulses 
are 
generated 
on the 
INT line) 
every 
256 bytes 
after 
offset 
value 
is 
loaded 


to 
the write 
registger 
WR4by the 
program. 
INT signal 
is 
put 
to 
"0" 
level 
during 
the 
DMAcycle 
in 
which 
pulse 


control 
bytes 
coincide 
with 
low order 
bytes 
of 
the 
byte 
counter 
and 


kept 
at 
"0" 
level 
in 
the 
full 
period 
of 
transfer 
cycle. 
Here, 
the 


transfer 
cycle 
means the 
read 
cycle 
(the 
search 
only 
or 
simultaneous 


trans fer 
opera t ion) 
or 
read/wri 
te 
cyc le 
and 
lengths 
of 
the 
re ad 
and 
write 
cycles 
can be set 
independently 
by variable 
cycle. 


Tl 
T2 
T3 
Tl 
T2 
TW* 
T3 
CLK 


MRE'< 


RD 


IOR,< 


WR 


INT 


(PULSE OUTPUT) 


Fig. 
3.33 
(a) 
Pulse 
Output 
(Standard 
timing 
at 
the 
time of trans fer) 


Tl 
T2 
T3 
CLK 


MRE'< 


RD 


INT 
(PULSE OUTPUT) 


Fig. 
3.33 
(b) 
Pulse 
Output 
(Standard 
timing 
at 
the 
time of memory search) 


(1) 
Precautions 
1] 
Transfer 
timing 
Although 
the 
DMAtransfer 
tlmmg 
is 
basically 
identical 
to 
the 
read/ 


write 
timing 
of 
the 
Z80 MPU, care 
is 
required 
when variable 
cycle 
is 


used or 
in case 
of simultaneous 
transfer. 
In the 
case 
of simultaneous 
transfer, 
all 
addresses 
which are 
output 
by 
DMAare 
interpreted 
to 
be memory addresses 
and I/O are 
selected 
by the 


hardware 
using 
an external 
logic 
circuit. 
It 
is 
normally 
programmed 


that 
I/O 
addresses 
are 
fixed 
and memory addresses 
are 
updated 
during 


the 
DMAoperation. 
At 
this 
time, 
DMAcontrols 
memory addresses 
and 
outputs 
I/O select 
signal 
using 
an external 
logic 
circuit. 


2J 
Memory refresh 
Since 
OMA 
has 
no 
refresh 
signal 
output 
function, 
the 
refresh 
of 
a 
dynamic 
RAI'!is performed 
normally 
using RFSH 
signal 
of 
MPU. 
If 
the 


transfer period becomes 
long in the OMA operation using the burst mode 
or continuous mode, 
another refresh method must be used. 


3] 
Pulse generation 
When 
the 
pulse 
generating 
function 
is 
used 
for 
transfer 
in 
the 
byte 
mode, 
pulse 
output 
is generated 
in two 
times. 
This 
is to 
avoid 
BAI 
signal from becoming non-active and MPU 
from being put in HALT 
state. 


Further, when offset value and low order 8 bits of the block length are 
equal 
other, 
pulse 
is 
once 
generated 
and 
after 
OMA 
operation 
is 
completed, 
pulse 
is generated 
during 
the 
read 
cycle 
of 
the 
1st 
byte 


when 
the OMA 
operation 
is performed 
again without 
changing 
the offset 


value. 


3.4 
Peripheral commands 
To 
operate 
OMA, 
specify 
its 
operations 
by 
writing 
into 
the 
control 


register group through programming. 
In addition, the status 
of DMA can 


be known by reading the contents of the status register group. 
To give effect to this on a program, 
write 
the operation 
into the write 


register 
by 
OTIR 
or 
OUT 
command 
to 
MPU 
and 
read 
out 
by 
INIR 
or 
IN 
command. 
In both cases, output of the I/O address decoder to DMA becomes 


"0" level. 
This output is connected 
to the C"E/WAITpin. 
The 
configurations 
of 
the 
control 
register 
group 
and 
status 
register 
group are as follows: 


(l) 
Control 


1] 
2] 
3] 
4J 
5] 
6] 
71 


Write 
Write 
Write 
Write 
Write 
Write 
Write 


register group 
register WRO 
register WRI 
register WR2 
register WR3 
register WR4 
register WR5 
register WR6 


(2) 
Status 
register 
group 
1] 
Readout 
register 
RRO 


2] 
Readout 
register 
RRl 


3] 
Readout 
register 
RR2 


4] 
Readout 
register 
RR3 


5J 
Readout 
register 
RR4 


6] 
Readout 
register 
RR5 


7] 
Readout 
register 
RR6 


3.4.1 
Control 
register 
group 


The 
control 
registers 
consist 
of 
7 groups 
of WRO 
to 
WR6, 
each 
of 
which 
consists 
of 
a basic 
register 
and 
related 
registers. 
If 
the 
pointer 
bit 
of 
the 
basic 
register 
is 
"1", 
related 
registers 
are 
accessed 
by 
turns. 


The 
basic 
registers 
WRO 
to WR6 
are 
identified 
by 
the 
combination 
of 
bits 
0, 
1, 2, 6 and 
7. 
There 
may 
be 
pointer 
bits 
for 
related 
registers. 
BBH 
(followed 
by the 
readout 
mask) 
command 
of WR6 
has 
no pointer 
bit but 
data 
that 
follows 
this 
command 
is limited 
to the 
readout 
mask. 


(1) 
Write 
register 
wao 
WRO 
is 
idnetified 
by 
the 
condition 
that 
Bit 
7 of 
the 
basic 
register 
is 


"0" 
and 
Bit 
1, 0 are 
other 
than 
both 
"0". 


WRO 
has 
4 
pointer 
bits, 
each 
of 
which 
has 
related 
registers, 
respect ively. 


(a) 
Basic 
register 
bit 
0, 1 (Designation 
of operating 
class) 
Bit 
0 and 
1 designate 
the 
operating 
class; 
transfer, 
search 
only, 
and 


transfer/search 
operaitons. 
In 
addition, 
simultaneous 
transfer 
or 
transfer/search 
is obtained 
by selecting 
search 
and 
generating 
a proper 


bus 
control 
signal 
for complete 
transfer 
through 
external 
hardware. 


Block 
length 
(low order 
8 bits) 


v 
Related 
register 
#3 
Block 
length 
(high 
order 
8 bits) 


(b) 
Basic 
register 
bit 
2 
(Designation 
of 
data 
transfer 
direction) 


Data 
transfer 
direction 
is 
designated 
when 
the 
source 
port 
and 


destination 
port 
at 
t{me 
of 
the 
transfer 
only 
operaiton 
by 
Bit 
2. 
In 


the 
search 
only 
operation, 
the 
source 
port 
only 
is 
designated 
and 
in 


the 
simultaenous 
transfer 
or transfer/search 
operation, 
the destination 
port 
is decided 
by external 
wiring. 


(c) 
Basic 
register 
bit 
3 - 6 (Pointer 
bits) 
Bit 
3 - 6 are 
the 
pointer 
bits 
which 
are 
used 
to designate 
four 
related 


registers 
following 
respective 
bits. 


(d) 
Related 
register 
#0, 
#1 
(Port A start 
address) 
These 
registers 
are 
accessed 
by 
Bit 
3 and 4 of 
the 
basic 
register 
byte. 
When 
Port 
A 
is 
used 
as 
a 
source 
or 
destination, 
it 
is 
necessary 
to 


write 
the 
start 
address. 
Low 
order 
bytes 
are 
written 
into 
#0 
and high 


order 
bytes 
in #1. 


(e) 
Related 
register 
#2, 
#3 
(Block 
length) 
These 
registers 
are 
designated 
by 
Bit 
5 and 
6 of 
the 
basic 
register. 


Max. 
64K 
bytes 
can 
be 
designated 
by 
writing 
low 
order 
bytes 
of 
block 


length 
into 
#2 and 
high 
order 
bytes 
into 
#3. 
However, 
as 
data 
read 
is 


pipe 
line 
type, 
number 
of 
bytes 
actually 
searched 
or 
transferred 
is 


more 
than 
that 
entered 
here 
by 
1 or 
2. 
In 
addition, 
if 
"zero" 
is 
set 


for 
these 
registers, 
the 
transfer 
or 
search 
of 2**16+1 
bytes 
is carried 
out. 


:2) 
Write 
register 
WRI 
WRI 
is 
idnetified 
by 
the 
condition 
that 
all 
of 
Bits 
0, 
1 .and 
7 
of 
the 


bas ic 
register 
are ..a" and Bit 
2 is 
111". 


(a) 
Basic 
register 
bit 
3 (Port A designation) 
A 
memory 
is designated 
by 
Port 
A when 
"0" 
is written 
for 
Bit 
3, while 


I/O 
is 
designated 
when 
"1" 
is 
written. 
This 
designation 
makes 
the 


control 
signal 
(MREQ 
or 
IORQ) 
active 
against 
the 
cycle 
including 
this 


port. 


TOSHIBA 
TMPz84ClOP 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 
Basic 
register 
I 0 I 
I 
I 
1 
I 1 I 0 1 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
Designation 
of Port 
A 
I 
I 
0 
Port 
A 
Memory 
I 
I 
1 
Port 
A 
I/O 
1 
I 
I 
1 
Port 
A address 
update 
0 
0 
Decrement 
0 
1 
Increment 
1 
0 
1 
1 
Address 
fix 


I 
I 
I 
I 
I 
I 
I 
1"0"1"0"1"0" 
I 
I 
I 
I 
1 
I 


I~ 
I 
I 


(b) 
Basic 
register 
Bit 4, 
5 (Fixed 
or variable 
address 
designation) 


Fixed 
or 
variable 
Port 
A 
address 
is des ignated 
by 
Bit 
4 
and 
Bit 
5 
for 
each 
transfer 
or search 
byte. 


(c) 
Basic 
register 
Bit 6 
(Pointer 
bit) 
When 
Bit 
6 
is 
set 
to 
"I", 
next 
related 
register 
is 
accessed. 
In 


addition, 
when 
Bit 6 is set 
to "0", 
DMA's 
variable 
cycle 
is not 
used. 


(d) 
Related 
register 
#0 
(Port A variable 
timing 
byte) 
By 
setting 
values 
for 
this 
register, 
Port 
A 
cycle 
length 
and 
control 


signal 
timing 
can be designated. 
oBit 
0, 
1 (Cycle 
length) 


Length 
of 
data 
transfer 
cycle 
(memory 
read/write, 
I/O 
read/write) 


relative 
to 
Port 
A 
is designated. 
Timing 
can 
be 
changed 
in a 
range 


of 
2 - 4 clocks. 
oBit 
2, 
3, 6, 7 
(Early 
end) 


The 
timing 
of 
the 
control 
signal 
IORQ, 
MREQ, 
RD 
and 
WR 
can 
be 


advanced 
by 
1/2 clock. 


(3) 
Write 
register 
WR2 
WR2 
is idnetified 
by 
the 
condition 
that 
all 
of 
Bits 
0, 
I, 2 and 
7 of 
the 
basic register 
are 
"Oil 


(a) 
Basic 
register 
bit 
3 
(Port 
B designation) 
A memory 
is 
designated 
by 
Port 
B when 
"0" 
is 
written 
for 
Bit 
3, 
while 


I/O 
is 
designated 
when 
"1" 
is 
written. 
This 
designation 
makes 
the 


control 
signal 
(MREQ or 
IORQ) 
active 
against 
the 
cycle 
including 
this 


port. 


D7 
D6 
D5 
04 
D3 
D2 
01 
DO 
Bas ic 
register 
I 0 I 
I 
I 
I 
I 0 I 0 I 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Designation 
of 
Port 
B 
I 
I 
0 
Port 
B 
Memory 
I 
I 
1 
Port 
B 
I/O 
I 
I 
I 
I 
Port 
B address 
update 
0 
0 
Decrement 


0 
1 
Increment 
I 
0 
1 
I 
Address 
fix 


Port 
B variable 


timing 
byte 
I 
I 
I 
I 
I 
I 
I 
1"0"\"0"1"0" 
I 
I 
I 


I 
I 
I 


Cycle 
length 
4 clock 
3 
clock 
2 clock 
Don't 
use 
I~ 
I 
I 


(b) 
Basic 
register 
Bit 
4, 
5 
(Fixed 
or 
variable 
address 
designation) 
Fixed 
or 
variable 
Port 
B address 
is 
designated 
by 
Bit 
4 
and 
Bit 
5 
for 
each 
transfer 
or 
search 
byte. 


(c) 
Basic 
register 
Bit 
6 
(Pointer 
bit) 
When 
Bit 
6 
is 
set 
to 
"1", 
next 
related 
register 
is 
accessed. 
In 


addition, 
when 
Bit 
6 
is 
set 
to 
"0", 
DMA's variable 
cycle 
is 
not 
used. 


(d) 
Related 
register 
#0 
(Port 
B variable 
timing 
byte) 
By 
set t ing 
va I ues 
for 
th is 
regis 
ter, 
Port 
B cyc Ie 
length 
and 
contro 
I 


signal 
timing 
can 
be 
designated. 


oBit 
0, 
I 
(Cycle 
length) 


Length 
of 
data 
trans 
fer 
cyc Ie 
(memory 
read /write, 
I/O 
read /write) 


relative 
to 
Port 
B is 
designated. 
Timing 
can 
be 
changed 
in 
a 
range 


of 
2 - 
4 
clocks. 


oBit 
2, 
3, 
6, 
7 
(Early 
end) 
The 
timing 
of 
the 
control 
signal 
IORQ, 
MREQ, 
RD 
and 
WR can 
be 
advanced 
by 
1/2 
clock. 


(4) 
Write 
register 
WR3 


WR3 
is identified 
by 
the 
condition 
that 
both 
Bit 
0 and 
Bit 
1 of 
the basic 


register 
are 
"0" and 
Bit 
7 
is 
1I11t. 


(a) 
Basic 
register 
Bit 
2 (Stop 
on match) 


This 
bit 
is 
used 
for 
the 
search 
or 
transfer/search 
operation. 
When 


this 
bit 
is "1" 
and 
transferred 
data 
matches 
the 
match 
byte, 
the 
data 


trans fer 
is stopped 
and 
the 
bus 
is re leased. 
When 
th is 
bit 
is "0" 
and 


transferred 
data 
matches 
the 
match 
byte 
(if 
DMA 
is 
not 
stopped 
even 


when 
th~y matched), 
the 
status 
flag 
is set 
on 
the 
status 
byte 
to allow 


interrupt 
resulting 
from 
byte 
match. 


(b) 
Basic 
register 
Bit 
3 (Pointer 
bit) 
When 
this 
bit 
is set 
at "1", 
the mask 
byte 
follows 
the basic 
register. 


(c) 
Basic 
register 
Bit 4 
(Pointer 
bit) 
When 
this 
bit 
is set 
at 
"1", 
a match 
byte 
follows 
the 
basic 
register. 


This 
bit 
designates 
a match 
byte 
used 
for 
comparison 
with 
all 
data 
to 


be searched. 


(d) 
Basic 
register 
Bit 
5 (Interrupt 
enabled) 
When 
this 
bit 
is set 
at "1", 
DMA 
interrupt 
is enabled. 


(e) 
Basic 
register 
Bit 
6 (DMA enable) 
When 
this 
bit 
is set 
at "1", 
DMA 
operation 
is enabled 
and 
a bus 
request 
can 
be made 
to MPU. 


(f) 
Related 
register 
#0 
(Mask 
byte) 
This 
register 
is accessed 
by basic 
register 
Bit 
3. 
It 
is 
possible 
to 


write 
a mask 
byte 
required 
for 
the 
search 
operation. 
The 
mask 
byte 
is 


capable 
of 
masking 
the 
match 
byte 
(data 
to 
be 
compared) 
during 
the 


search 
operation 
to extract 
bits 
to be compared. 
When 
all 
bits 
of 
the mask 
byte 
are 
at 
"0", 
the 
comparison 
is made 
and 


when 
they 
are 
at "1", 
the masking 
is made. 
In 
addition, 
if no masking 


is required 
and 
all 
bits 
are 
compared, 
write 
OOH mask 
byte. 


Related 
register 


This 
register 
is 
used 
as 
da ta 
to 
transfer/search. 
register 
liO. 


#1 
(matche 
byte) 
accessed 
by 
basic 
register 
Bit 
4. 
The 
match 
byte 
is 


be 
comapred 
when 
the 
data 
transfer 
mode 
is 
search 
or 


The 
match 
byte 
is masked 
by 
the mask 
byte 
of 
related 


TOSHIBA 
TMPZ84C10P 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


Basic 
register 
I 1 I 
I 
I 
I 
I 
I 0 I 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DMA Enable 
: 1 
Stop on match 


Related 
register 
#0 


(mask byte) 


Related 
register 
#1 


(match byte) 


(5) 
Write 
register WR4 


WR4 
is identified 
by the condition 
that both Bit 0 and Bit 
7 of the basic 
register 
are "1" and Bit 1 is "0". 


(a) 
Basic register 
Bit 2 - 4 
(Pointer bit) 
When 
these 
bits 
are 
set 
at 
"1", 
the 
related 
registers 
itO 
to 
#2 
are 
accessed 
after 
the basic 
register. 


(b) 
Basic 
register 
Bit 5, 6 (Operation mode 
designation) 


Operation 
mode 
selected 
values 
can 
be 
set 
for 
Bit 
5 
and 
Bit 
6. 
For 
values 
to be set, refer 
to Fig. 3.39. 


(c) 
Related 
register 
#0, #1 
(Port B start address) 
These 
registers 
are 
accessed 
by 
basic 
register 
Bit 
2 
and 
Bit 
3. 


Related 
register 
#0 
designates 
low 
order 
byte 
of 
Port 
B 
start 
address 


while 
related 
register 
#1 
designated 
high 
order 
byte 
of 
Port 
B. 


Further, 
if low order 
8 bits 
are 
sufficient 
for Port 
B 
start 
address, 


the loading 
to related 
register 
#1 is not 
required. 


(d) 
Related 
register 
#2 
(Interrupt 
control 
byte) 
This 
register 
control 
DMA 
interrupt 
or 
pulse 
generation. 
By setting 


Bit 
3 and Bit 4, related 
registers 
#3 and #4 can be accessed. 


oBit 
0 
(Interrupt 
on match) 


When 
Bit 0 is set at "1", DMA 
generates 
interrupt 
if transferred 
data 


matches 
the match 
byte 
in the search 
or transfer/search 
operation. 
oBit 
1 (Interrupt 
on end of block) 
When 
Bit 
1 is set at "1", DMA 
generates 
interrupt 
if a value 
of 
the 


byte 
counter 
becomes 
"0" 
in DMA operation. 


oBit 
2 (Pulse generation) 
When 
Bit 2 is set at "1", pulse 
is generated 
on the INT line whenever 


data 
in number of bytes 
set on the pulse control 
byte 
is transferred. 
oBit 
3, 4 
(Pointer bits) 
When 
Bit 
3 
is 
set 
at 
"1", 
pulse 
control 
byte 
is 
accessed 
after 
interrupt 
control 
byte. 


When Bit 4 is set at "I", the interrupt vector 
is accessed. 
oBit 
5 (Vector value change by status) 
When 
this bit is set at "I", interrupt vector value changes according 
to cause for generating 
interrupt. 
However, 
if the automatic 
restart 
or interrupt at the end of block was already set, this mode cannot be 
used. 


oBit 
6 (Interrupt on RDY) 


When 
this bit is set at "I", DHA generates 
interrupt prior to the bus 
request if it detects 
that RDY signal has become active. 
Therefore, 
the interrupt enable command becomes 
necessary 
and when 
RETI 
command 
is executed after 
the interrupt enable of WR6 
(B7H) 
is sent out, 
the 


bus request is started. 


(e) 
Related register #3 (Pulse control byte) 
When 
Bit 
3 
of 
the 
interrupt 
control 
byte 
is 
set 
at 
"1", 
the 
pulse 


control byte 
is accessed 
after 
the interrupt control 
byte. 
The 
pulse 


control 
byte 
gives 
offset 
values 
to 
pulse 
that 
are 
first 
generated 
(Number of bytes 
shown by 
this control byte). 
The 
pulse 
control 
byte 


compares low order 8 bits of the~te 
counter and if both coincide each 
other, pulses are output on the INT line. 


(f) 
Related register #4 (Interrupt vector) 
When Bit 4 of the interrupt control 
byte 
is set at "1", 
the 
interrupt 


vector 
is 
accessed 
after 
the 
interrupt 
control 
byte. 
The 
interrupt 
vector 
is loaded on the data bus 
at 
time of 
the 
interrupt 
acknowledge 


by MPU (IORQ = "0", HI = "0"). 
If Bit 5 of the interrupt control byte 


is set at "I", Bit 1 and Bit 2 of the interrupt vector change according 
to 
the 
interrupt 
factor. 
However, 
when 
the 
automatic 
restart 
and 
interrupt 
on 
the 
end 
of 
block 
has 
been 
already 
programmed, 
the 


interrupt 
vector 
sent 
out 
at 
the 
end 
of 
block 
does 
not 
change 
and 


therefore, the mode for vector value change by status cannot be used. 


(6) 
Write 
register WRS 
WRS 
is identified by the condition 
that Bit land 
7 of the basic register 
are "1" and Bit 0, 2 and 6 are "0". 
WRS has no related register. 


oBit 
3 (Effective polarity of RDY signal) 
When 
this 
bit 
is set 
at 
"0", 
RDY 
signal 
becomes 
"0" 
and 
active, 
and 
when 
it 
is 
set 
at 
"111, 
RDY signal 
becomes 
ltlT1 
and 
active. 


oBit 
4 (Use of aE/WAIT pin) 


When this bit is set at "0", aE function only is available. 
When it is 


set at "1", both aE 
and WAIT 
functions become 
available. 
When 
BUSREQ 


signal is at "1", CE 
function 
is available, while 
if BUSREQ 
signal 
is 


at "0" level, WAIT 
function is available. 
oBit 
S (Automatic register) 


When 
this bit is set at "0" level, DMA operation 
is stopped at time of 


the end of block (Byte counter = "Zero"). 
When it is at "1" level, the 


contents 
of 
the 
address 
register 
and 
byte 
counter 
are 
automatically 


loaded on 
the address 
counter 
and 
byte 
counter, 
and 
DMA operation 
is 


continued. 


D7 
D6 
DS 
D4 
D3 
D2 
01 
DO 
Basic register 
I 
1 I 0 I 
I 
I 
I 0 I 
1 I 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
Effect ive polarity of RDY signal 
I 
I 
0 
Active at "Oil 
leve1 
I 
I 
1 
Active at "Ill 
level 


I 
I 
I 
I 
Use of CE/WAIT 


I 
0 
Uses only as CE function 
I 
1 
Multiplex 
CE/WAIT 


I 
I 


I 
Designation of automatic restart 
0 
Ends at time of the end of clock 
1 
Automatic 
restart 


(7) 
Write register WR6 
WR6 
is 
idnetified 
by 
the 
condition 
that 
Bit 
0,1 
and 
7 
of 
the 
basic 


register are at "1" level. 
In the case of WR6, 
the 
functions 
(commands) 


are divided by the combination of Bits 2 to 6. 


(a) 
Reset 
(C3H) 
This 
command 
is used 
to 
reset 
DMA. 
By 
executing 
this 
command, 
DMA 


performs the followings; 
o 
Disables 
the 
interrupt 
control 
circuit 
and 
bus 
request 
control 
circuit. 
o 
Releases the interrupt latch. 
o 
Releases the forced RDY condition. 
o 
Releases the automatic restart condition. 
o 
Releases aE/WAIT 
function (Bit 4 WRS) and retians CE function only. 


o 
Returns the timings of both Port A and B to the Z80 standard timing. 


After 
turning power 
to 
OMA ON, 
and 
performing 
the 
programming, 
it 
is 


necessary 
to execute 
the reset command 
once. 
In addition, 
if the DMA 


operation 
is 
interrupted 
during 
its 
execution, 
it 
is 
necessary 
to 


execute 
the reset 
command 
6 
times successively 
(this 
is because 
there 


are 
S 
related 
registers 
that 
are 
capable 
of 
directing 
in 
WR4). 


Further, DMA is not always reset completely by this reset command. 
The 


read sequence is reset only by the read sequence reset command. 


(b) 
Port 
A timing 
reset 
(C7H) 


This 
command resets 
Port 
A variab Ie 
timing 
byte 
and 
returns 
Port 
A 
timing 
to 
the 
Z8D standard 
timing. 


(c) 
Port 
B timing 
reset 
(CBH) 
This 
command resets 
Port 
B variable 
timing 
byte 
and 
returns 
Port 
B 
timing 
to 
the 
Z8D standard 
timing. 


(d) 
Load (CFH) 
When this 
command is 
excuted, 
the 
content 
of 
the 
address 
register 
is 
loaded 
on 
the 
address 
counter 
and 
the 
byte 
counter 
is 
cleared. 
In 
addition, 
the 
internal 
forced 
RDYcondition 
is 
also 
released. 
Further, 
an 
address 
counter 
to 
which 
the 
loading 
can 
be 
made 
immedai te ly 
is 
the 
source 
port 
address 
counter 
onl y. 
The 
load ing 
to 


the 
destination 
port 
address 
counter 
is 
made when 
a 
value 
of 
this 


counter 
is 
initially 
updated 
(incremented/decremented) 
but 
if 
"address 


if 
fixed", 
the 
loading 
is 
not 
performed. 
However, 
the 
loading 
by the 
"fixed 
address 
destination 
port 
programming" 
technique 
is 
possible. 


If 
DMAbecomes non-active 
when the 
load 
command is 
written, 
another 
DMA 


control 
byte 
is 
written 
before 
the 
load 
command. 


(e) 
Continue 
(D3H) 
Although 
this 
command clears 
the 
byte 
counter 
to 
"zero", 
both 
port 
address 
counters 
do not 
change. 
This 
command is 
used 
in 
transferring 
several 
data 
blocks 
to 
continued 
positions 
in 
the 
many buffer 
if 
it 
is 


desirable 
to 
know a break 
of 
every 
block, 
and continues 
DMAoperation 


which has 
been interrupted 
by detection 
of match at 
the 
end of block 
or 
search. 
In order 
to 
execute 
this 
command, interrupt 
at 
the 
end of each 
blocks 
is 
needed 
and new block 
length 
shall 
be entered 
in WROwith 
the 


continue 
command. 
In 
transferring 
data 
blocks, 
interrupt 
becomes 
necessary 
whenever 


transfer 
of 
each 
data 
block 
ended. 
In 
transferring 
next 
data 
block 


after 
the 
interrupt, 
this 
continuity 
command is 
used 
instead 
of 
the 


load 
command. 


TOSHIBA 
TMPZ84ClOP 


07 
06 
05 
04 
03 
02 
01 
00 
Basic register 
I 
1 I 
I 
I 
I 
I 
I 0 I 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Hexadecimal 
command 
name 
1 
0 
0 
0 
0 
C3 
Reset 
1 
0 
0 
0 
1 
C7 
Port A timing reset 
1 
0 
0 
1 
0 
CB 
Port B timing reset 
1 
0 
0 
1 
1 
CF 
Load 
1 
0 
1 
0 
0 
03 
Cont inue 
0 
1 
0 
1 
1 
AF 
Interrupt disab Ie 
0 
1 
0 
1 
0 
AB 
Interrupt enable 
0 
1 
0 
0 
0 
A3 
Interrupt reset/disable 


0 
1 
1 
0 
1 
B7 
Post RETl enable 
0 
1 
1 
1 
1 
BF 
Read status byte 
0 
0 
0 
1 
0 
8B 
Status byte initialize 


0 
1 
0 
0 
1 
A7 
Read sequence start 
0 
1 
1 
0 
0 
B3 
Forced ROY condtion 
0 
0 
0 
0 
1 
87 
OMA enable 
0 
0 
0 
0 
0 
83 
OMA disable 
0 
1 
1 
1 
0 
BB 
Contiue readout mask 


Readout mask 
0 
l;Enble 


Status byte 


Byte counter 
(low order 8 bits) 
Byte counter 
(high order 8 bits) 
Port A address counter 
(low order 8 bits) 
Port A address counter 
(high order 8 bits) 
Port B address counter 
(low order 8 bits) 
Port B address counter 
(high order 8 bits) 


(f) 
Interrupts disable (AFH) 
This 
command 
is used 
to simulate 
the 
Z80 MPU 0 s 
interrupt 
acknowledge 


when 
OMA 
is operated 
in a 
system 
other 
than 
the 
z80 
MPU. 
When 
OMA 


sends the interrupt signal into any MPU other 
than the Z80 MPU, 
if the 


interrupt di.sable command 
is written 
into the beginning 
of the service 


routi.ne, TNT 
signal returns 
to "1" 
level 
but 
next 
interrut 
signal 
of 


OMA 
cannot be 
sent during 
the 
service 
routine 
is continuously 
carried 


out. 
Generation 
of 
next 
interrupt 
signal 
becomes 
possible 
when 
the 


interrupt 
enable 
command 
is 
written 
into 
the 
end 
of 
the 
service 


routine. 


(g) 
Interrupts 
enable 
(ABH) 


This 
is 
a 
command 
used 
on 
the 
Z80 
system 
to 
enable 
the 
interrupt 
when 
the 
power 
source 
is 
ON. 
This 
command 
enables 
the 
interrupt 
control 
circuit 
of 
DMA. 
When 
the 
interrupt 
disable 
command 
is 
not 
used, 
if 
the 
interrupt 
enable 
command 
is 
once 
written, 
next 
interrupt 
is 
enabled 
automatically 
when 
RETI 
command 
is 
executed 
at 
the 
final 
stage 
of 
the 
interrupt 
service 
routine. 
However, 
if 
the 
interrupt 
disable 
command 
is 
used, 
it 
becomes 
necessary 
to 
write 
the 
interrupt 
enable 
command 
at 
the 
final 
stage 
of 
the 
interrupt 
service 
routine. 


(h) 
Interrupt 
reset 
and 
disable 
(A3H) 
This 
command 
is 
used 
on 
such 
systems 
as 
8080 
and 
8085 
to 
interface 
DMA 


and 
MPU 
wh ich 
is 
povided 
wi th 
the 
interrupt 
acknowledge 
func tion 
but 
has 
no 
RETI 
command. 
This 
command, 
when 
executed, 
performs 
the 
followings: 
o 
Reset 
of 
the 
in-interrupt 
service 
routine 
(IUS) 
latch 


o 
Reset 
of 
the 
interrupt 
pending 
(IP) 
latch 


o 
Release 
of 
the 
internal 
forced 
RDY 
signal 
conditions 


o 
Succeeding 
interrupt 
disable 
by 
DMA 
(same 
as 
the 
interrupt 
disable 
command) 


(i) 
Enable 
after 
RTEI 
(B7H) 
This 
command 
is 
used 
only 
when 
"interrupt 
on 
RDY 
signal" 
is 
programmed 
on 
WR4. 
DMA, 
when 
detecting 
that 
RDY 
signal 
becomes 
active, 
does 
not 
make 
the 
bus 
request 
but 
generates 
the 
interrupt 
signal. 
After 
the 
interrupt 
return, 
this 
command 
enables 
DMA 
to 
make 
the 
bus 
request 
again. 
This 
command 
is 
always 
used 
to 
make 
the 
bus 
request 
after 
the 
interrupt 
to 
RDY 
signal 
on 
the 
zBo 
MPU 
system. 
This 
command 
also 
can 
be 
used 
on 
other 
MPU's, 
for 
instance, 
8080. 
The 
interrupt 
latch 
(lOR) 
to 
RDY 
signal 
is 
set 
during 
its 
interrupt 
cycle. 
This 
latch 
makes 
RDY 
signal 
active 
and 
DMA 
is 
not 
allowed 
to 
make 
the 
bus 
request 
until 
this 
latch 
is 
reset 
by 
post-RETI 
enable 
command. 
The 
execution 
sequence 
of 
the 
Z80 
MPU 
service 
routine 
is 
as 
follows 
and 


the 
bus 
request 
is mode 
after 
RETI 
command 
is 
executed: 


Post 
RETI 
Enable 
DMA 
Enable 


(j) 
Read 
status 
byte 
(BFH) 


This 
command 
indicates 
that 
next 
read 
command 
is 
the 
status 
byte 
access. 


(k) 
Status 
command 
initialization 
(80H) 


This 
command 
indicates 
the 
reinitialization 
of 
bit 
4 
and 
5 
of 
the 
status 
byte. 


The 
reinitialization 
of 
the 
interrupt 
pending 
status 
(Bit 
3) 
of 
the 
status 
byte 
can 
be 
effected 
by 
the 
interrupt 
acknoweledge, 
interrupt 


process, 
interrupt 
reset 
and 
disable 
command 
writing. 
The 


reinitialization 
of 
DMA 
operation 
status 
(Bit 
0) 
can 
be 
efected 
by 
the 


load 
command. 


(1) 
Read 
mask 
continue 
(BBH) 


This 
command 
denotes 
that 
next 
control 
byte 
which 
is 
to 
be 
written 
into 


DMA 
follows 
the 
read 
mask 
register. 
The 
read 
mask 
register 
is 
used 
for 
setting 
a 
new 
read 
sequence 
of 
RRO 
to 
RR6 
and 
is 
normally 
a 
part 
of 
the 


initial 
state 
setting 
when 
the 
power 
source 
for 
DMA 
is 
turned 
ON. 


The 
read 
mask 
can 
be 
programmed 
by 
setting 
the 
related 
pointer 
bit 
of 
register 
to 
be 
read 
out 
"1" 
level. 
The 
read 
sequence 
start 
command 
is 


used 
for 
initialization. 


(m) 
Read 
sequence 
initiote 
(A7H) 


This 
command 
is 
used 
to 
initiate 
the 
read 
sequence 
pointer 
command 
as 
a 
measures 
to 
access 
the 
first 
(in 
low 
order) 
read 
register 
that 
is 
designated 
to 
be 
readable 
by 
the 
read 
mask 
for 
initialization 
of 
DMA 
by 


next 
MPU 
read 
command. 
Normally, 
this 
command 
is 
output 
to 
reset 
the 


read 
sequence 
immediately 
after 
loading 
of 
the 
read 
mask. 


(n) 
Forced 
RDY 
(B3H) 


In 
the 
burst 
mode 
or 
continuous 
mode, 
this 
command 
is 
used 
to 
make 
the 


internal 
RDY 
conditions 
active 
for 
the 
active 
RDY 
signal 
by 
an 
external 


logic 
circuit. 
This 
command 
is 
used 
for 
memory-to-memory 
transfer 
or 
memory 
search 
where 
RDY 
signal 
is 
not 
required. 
It 
is 
not 
necessary 
to 
consider 
the 
effective 
polarity 
of 
RDY 
signal. 
Use 
of 
this 
command 
can 
eliminate 
an 
external 
logic 
circuit. 


The 
forced 
RDY 
conditions 
are 
released 
by 
the 
following 
commands/ 


conditions: 


o 
Reset 
command 


o 
Load 
command 


o 
Interrupt 
reset 
and 
disable 
command 


o 
Ending 
by 
end-of-block 


o 
Ending 
by 
byte 
match 


o 
Bus 
release 
by 
DMA 


DMA 
enable 
(87H) 
This 
command 
is 
used 
to 
enable 
the 
bus 
control 
circuit 
of 


interrupt 
circuit 
is 
not 
affected 
nor 
the 
function 
and 
latch 


This 
bus 
request 
enable 
function 
is 
identical 
to 
that 
of 
Bit 
In 
the 
interrupt 
service 
routine, 
DMA 
enable 
command 
is 
command 
to 
DMA 
before 
MPU 
executes 
RETI 
command. 


DMA. 
The 


are 
reset. 


6 of 
WR3. 


the 
Ias t 


(p) 
DMA 
disable 
(83H) 
This 
command 
inhibits 
the 
bus 
request 
by 
DMA. 
This 
command 
is 
used 
to 


stop 
DMA 
operation 
by 
external 
events, 
end-of-block 
or 
match 
by 
bytes 
and 
when 
reinitialization 
of 
the 
status 
byte 
is 
required. 


3.4.2 
Status register group 
There 
are 
7 
read 
registers 
RRO 
to 
RR6 
available 
for 
OMA 
to 
know 
the 


operation execution or end status. 
The 
readout of MPU 
is made according 
to the method 
to access OMA 
as 
the 


peripheral I/O using I/O command. 
Commands to be written 
into DMA are as 
follows: 
II 
Read status byte (BFH) 
21 
Read sequence initiate (A7H) 
31 
Status byte rinitialize 
(8BH) 
41 
Read mask continue (BBH) 


The above commands are those which are shown for WR6. 


Bit 0 (OMA operation) 
This 
bit 
indicates 
if OMA 
made 
the 
bus 
request 
after 
the 


command. 
"1" 
indicates 
that 
DMA 
made 
the 
bus 
request 
indicates no bus request made. 


last 
LOAD 


while 
"0" 


(b) 
Bit 1 (ROY signal active) 
"0" of this bit indicates that ROY signal is active. 
"1" indicates ROY 


signal being non-active. 


(d) 
Bit 3 (Interrupt pending) 
This 
bit 
indicates 
the 
interrupt 
pending 
(IP) 
latch 
status. 
"0" 


indicates the interrupt pending. 


(e) 
Bit 4 (Match detection) 
When this bit is "0", it indicates the match after the last status byte 
reset 
or reinitialization 
command. 


(f) 
Bit 5 (End-of-block detection) 
When 
this bit 
is "0", 
it indicates 
the end-of-block 
reached after 
the 


last status byte reset, load, continuity or reinitialization. 


(2) 
Read register RRl, RR2 - Byte counter 
The 16-bit counter consisting of two register RRI and RR2 are cleared 
to 
zero 
by 
the 
load, 
continuity 
or 
reset 
command. 
When 
DMA 
starts 
the 
transfer or search, the byte counter 
is incremented by one at the end of 
each read cycle and judges the end-of-block 
by comparing with the program 
content of the block 
length register 
(WRO), when match 
is detected, 
OMA 
operation 
is stopped. 
If the pulse generation 
is used at this time, the 
content 
of 
the WR4 
pulse 
control 
byte 
is, after 
transferred, 
compared 
with 
low order4 byte (RRl) of the byte counter. 


D7 
D6 
I * I * I 
I 
I 
I 


DS 
D4 
I 
I 
I 
I 


D3 
D2 
I * I 
I 
I 
I 
(*: 
Don I t care) I 
I 
I 
I 
o : 


I 
1: 
DMA operation 
is made. 
0: 
RDY signal active 
0: 
Interrupt pending 
0: 
Match detection 
End-of-block 


RRI 
Byte counter 
(low order 8 bits) 


RR2 
Byte counter 
(high order 8 bits) 


RR3 
Port A Address counter 
(low order 8 bits) 


RR4 
Port A Address counter 
(high order 8 bits) 


RRS 
Port B Address counter 
(low order 8 bits) 


RR6 
Port B Address counter 
(high order 8 bits) 


(3) 
Read register RR3, RR4 - Port A address counter 
Write 
into the 
l6-bit 
counter 
consisting 
of 
two 
read 
registers 
RR3 
and 


Rr4 is made 
from WRO port A start address register by the load command. 


Whenever 
one 
byte 
of 
DMA 
operation 
is 
carried 
out 
according 
to 
the 
designated 
content 
of 
WRO, 
this 
counter 
is 
updated 
(incremented 
or 
decremented) by one. 


(4) 
Read register RRS, RR6 - Port B address counter 
The l6-bit counter consisting of two read registers RRS and RR6 indicates 
Port B address when DMA 
operation 
ended. 
Values 
in the port 
B 
address 


register 
(WR4) are loaded 
into this counter 
by the 
load command 
and the 
coutner is updated by one every time when DMA operation 
is carried out by 
one 
byte. 
However, 
if address 
fix 
(Bit 4 
and 5 of WR2) 
is programmed, 


the 
counter 
does 
not 
change. 
If Port 
A 
or Port 
B 
is 
a 
fixed 
address 


destination port, 
in order to properly 
function the port it is necessary 


to program as described for the fixed address destination 
port. 


Values 
of 
these 
counters 
when 
DMA operation 
ended 
are 
shown 
in 
Table 
3.4 
(a) 
and 
Table 
3.4 
(b). 


IValue 
ofl 
Number 
1 
---1- 
Addr~~~--~d~~~s 
I 


Data 
1 block 
1 of 
by tel 
Value 
Icounter 
valuelcounter 
valuel 


tansferl 
length 
I to 
be 
lof 
by tel 
of 
source 
I of 
destina- 
I 


mode 
Iregister 
1 trans- 
1counter 
I 
port 
1 tion 
port 
I 


1 
I 
ferred 
I . 
1 
I 
1 


Byte 
I 
N 
-I--~r-- 
-N--jAs-±(N..---rrr-As-±~1 


I 
1 
1 
1 
I 
1 


Burst 
1 
N 
1 
N + 
1 
N 
1 As 
± (N + 1) 1 
As 
± 
(N) 
I 


I 
1 
I 
I 
1 
I 


1 
N 
1 
N + 
1 
N 
I-A~-±CN-+ 
1) I--;\S±-CNY-- 
I 


1 
1 
1 
1 
I 
I 


1 
N 
1 
N + 
1 
N 
1 As 
± (N + 1) 1 
1 
I 
1 
1 
1 
1 
1 


1 
1 
N + 
1 
N 
1 As 
± 
(N + 1) 1 
I 


Burs tiN 
1 
I 
1 
1 
I 


1 
I 
N + 2* 1 N + 1* 1As 
± 
(N + 2)* 1 
I 


1 
1 
1 
1 
1 
I 


1 
I 
N + 1 
1 
N 
1 As 
± 
(N + 1) 1 
I 


Conti- 
1 
Nil 
1 
1 
I 


nuity 
1 
I 
N + 2*1 
N + 1*IAs 
± 
(N + 2)*1 
I 


1 
1 
1 
1 
1 
1 


AS: 
Start 
address 
*: 
The 
values 
when 
N+l 
byte 
data 
is 
transferred 
and 
RDY 
signal 
is 
active 
using 
2-cycle 
variable 
timing. 


I 
1 
Data 
I 
format 


I 


1 


1 


1 
ITransfer 


Conti- 
nuity 
Byte 


I 
Data 
1 
format 
I 


1 
I 


1 


1 
1 


ITransferl 


1 
I 


1 
I 


1 
I 


1 


1 


1 
1 Search 
I 
I 
I 
I 
I 
AS: 
Star 


I 
Number 
I 
I 
-Addres-;--I- 
--Add':~~~- 
I 


Data 
IByte 
no. 
1 of 
by tel 
Value 
Icounter 
valuelcounter 
valuel 


tansfer 
I 
to 
be 
1 to 
be 
lof 
byte 
1 
of 
source 
I of 
destina- 
I 


mode 
Idetectedl 
trans- 
Icounterl 
port 
I tion 
port 
I 


1 
I 
ferred 
I 
1 
I 
1 


Byte 
1 
M 
1 
M 
1 M - 
I 
A~-±TM)--I--A~±-(W-1) 
1 


I 
1 
1 
I 
1 
I 


Burst 
1 
M 
1 
M 
1 M - 
As 
± (M) 
I 
As 
± 
(W-1) 
1 


1 
1 
1 
1 
I 


1 
M 
1 
M 
I M - 
As 
± (M) 
1 
As 
± 
(W-1) 
I 


1 
I 
I 
1 
I 


I 
M 
1 
M 
1 M - 
As 
± (M) 
I 
I 


1 
1 
1 
·1 
I 


11M 
+ 
1 
M 
As 
± (M + 1) 1 
I 


Burst 
I 
Mil 
1 
1 


1 
1 
M* 
1 M - 
1* 
As 
± 
(M)* 
r---- 
1 


1 
1 
1 
1 
I 


11M 
+ 
11M 
As 
± (M + 1) 1 
1 
Conti- 
1 
Mil 
1 
I 


nuity 
1 
1 
M* 
1 M - 
1*1 
As 
± (M)* 
1 
1 


1 
1 
1 
I 
I 
I 


address 
*: 
The 
values 
when 
match 
is 
detected 
and 
RDY signal 


is 
active. 


Conti- 
nuity 
Byte 


TOSHIBA 
TMPZ84C10P 


07 
06 
OS 
04 
03 
02 
01 
DO 
Basic 
register 
I 0 I 
1 
I 
I 
I 
1 I 0 
I 0 


I 
I 
I 
1 
I 
1 
I 
I 


I 
I 
I 
1 
I 
I 
1 
I 
Designation 
of 
Port 
A 


I 
1 
I 
0 
Port 
A - 
Memory 


I 
1 
I 
1 
Port 
A - 
I/O 


I 
I 
I 
I 
I 
1 
Port 
A 
address 
update 


1 
0 
0 
Decrement 


1 
0 
1 
Increment 
I 
1 
0 


I 
1 
1 
Address 
fix 


I.. 


Related 
register 
110 
0 
0 
Port 
A 
variable 


timing 
byte 


I 
I 
I 
1 
I 
1 
Cycle 
length 


I 
0 
0 
4 
clock 
I 
--- 
0 
1 
3 clock 
I 
I 
I 
1 
0 
2 clock 


1"0"1"0"1"0" 
I~ 
1 
1 
Don't 
use 


I 
I 
I 
I 
1 
I 
1 
I 


TOSHIBA 
TMPz84CIOP 


07 
D6 
D5 
D4 
03 
D2 
Dl 
DO 


Basic 
register 
I 0 I 
I 
I 
I 
I 0 I 0 I 0 


I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
Designation 
of Port 
B 
I 
I 
I 
0 
Port 
B - 
Memory 
I 
I 
I 
1 
Port 
B 
- 
I/O 
I 
I 
I 
I 
I 
I 
Port 
B address 
update 


I 
0 
0 
Decrement 
I 
0 
1 
Increment 


I 
1 
0 
I 
1 
1 
Address 
fix 


I 
+ 
Port 
B variable 


timing 
byte 


I 
I 


I 
I 
Cycle 
length 
0 
0 
4 
clock 
0 
1 
3 clock 
1 
0 
2 clock 
1 
1 
Don't 
use 
"otll"Q"lttQlt 
I 
I 
I 
I 


10iQ""" 
I 
I 


D7 
D6 
D5 
D4 
D3 


Basic 
register 
I 
1 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DMA 
Enable 
: 1 
I 
I 
I 
I 
Interruption 
enable 
1 
I 
I 
+ 


D2 
Dl 
DO 


I 
I 0 I 0 


I 
I 
I 


Related 
register 
#0 


(mask 
byte) 


Related 
register 
#1 


(match 
byte) 


_0_7 
----- 


Basic 
register 
1 
1 


1 
---- 


Designation 
of 


data 
transfer 
mode 
Byte 
mode 
Continuous 
mode 
Burst 
mode 


Don I t 
use 


Related 
register 
#0 
Port 
B 
Start 
address 


(Low 
order 
8 
bits) 


Related 
register 
#1 
Port 
B 
Start 
address 


(High 
order 
8 
bits) 


Interruption 
control 


byte 
I 
Interrupt 
on 
ROY 
: 1 
1 
Vector 
value 
change 
I 
by 
status 
I 
I 
1 
: 


1 
I 


I 
1: 
Interrupt 
on 
match 
I 


1 
: Interrupt 
on 
end 
of 
clock 
Pulse 
generation 


Interrupt 
on 
ROY 


Interrupt 
on 
match 
Interrupt 
on 
end 
of 
block 


Interrupt 
on 
match 
and 
end 


of 
block 


D7 
D6 


I * 
I * 
1 
I 
I 
I 


1 


(*: 
Don't 
care) I 


I 
I 


1 
o 


TMPZ84C10P 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


I 1 
10 
I 
I 
1 
I 0 I 
1 I 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Effect ive polarity 
of RDY 
signa 1 


I 
I 
0 
Act ive at 
110" 
level 


I 
I 
1 
Active 
at "I" level 
I 
I 
I 
I 
Use of 
CE/WAIT 
I 
0 
Uses 
only 
~ 
CE 
function 
I 
1 
Multiplex 
CE/WAIT 
I 
I 
Designation 
of automatic 
restart 
0 
Ends 
at 
time 
of 
the end 
of 
clock 
1 
Automatic 
restart 


D5 
D4 
D3 
D2 
Dl 
DO 


I 
I 
I * I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1: 
DMA 
operation 
is made. 
0: 
RDY 
signal 
active 
0: 
Interrupt 
pending 
0: 
Match 
detection 
End-of-block 


Byte 
counter 


(low 
order 
8 bits) 


Byte 
counter 
(high 
order 
8 bits) 


Port 
A Address 
counter 
(low 
order 
8 bits) 


Port 
A Address 
counter 
(high 
order 
8 bits) 


Port 
B Address 
counter 
(low 
order 
8 bits) 


Port 
B Address 
counter 
(high 
order 
8 bits) 


TOSHIBA 
TMPz84ClOP 


07 
06 
05 
04 
03 
02 
01 
00 
Basic 
register 
I 
1 I 
I 
I 
I 
I 
I 0 I 0 
1 


I 
I 
I 
I 
I 
I 
I 
1 I 1 I 
I 
I 
I 
I 
I 


I 
I 
I 
1 
I 
Hexadecimal 
command 
name 


1 
0 
0 
0 
0 
C3 
Reset 


1 
0 
0 
0 
1 
C7 
Port 
A timing 
reset 
1 
0 
0 
1 
0 
CB 
Port 
B timing 
reset 
1 
0 
0 
1 
1 
CF 
Load 
1 
0 
1 
0 
0 
03 
Continue 
0 
1 
0 
1 
1 
AF 
Interrupt 
disable 


0 
1 
0 
1 
0 
AB 
Interrupt 
enable 
0 
1 
0 
0 
0 
A3 
Interrupt 
reset/disable 


0 
1 
1 
0 
1 
B7 
Enable 
after 
RETI 


0 
1 
1 
1 
1 
BF 
Read 
status 
byte 
0 
0 
0 
1 
0 
8B 
Status 
byte 
initialize 
0 
1 
0 
0 
1 
A7 
Read 
sequence 
start 


0 
1 
1 
0 
0 
B3 
Forced 
ROY 
condition 
0 
0 
0 
0 
1 
87 
OMA 
enable 


0 
0 
0 
0 
0 
83 
DMA 
disable 


0 
1 
1 
1 
0 
BB 
Cont inue 
readout 
mask 


Readout 
mask 
0 


l=Enble 


Byte 
counter 
(low 
order 
8 bits) 


Byte 
counter 
(high 
order 
8 bits) 


Port 
A address 
counter 


(low 
order 
8 bits) 


Port 
A 
address 
counter 
(high 
order 
8 bits) 


Port 
B address 
counter 


(low 
order 
8 bits) 


Port 
B address 
counter 


(high 
order 
8 bits) 


3.5 
Method of use 


(1) 
Example of interface 
As the method of use of DMA using the Z80 family, a simple example of the 
z80 
system 
interface 
is shown 
below. 
Fig. 
3.43 
shows 
the 
connection 


employing 
the Z80MPU, Z80DMA, Z80PIO, and MEMORY. 


/' 


ewe. 
~ ~ 
RM~ 
~ 
- 
o BlU!lRATOR 
CIRCUIT 
r- 


T 
e-- - 
I 
I 


eLl< 
RESET 
AO- A15 
'--- 
- 
AO - 
AllS 


i=' 
- 
DO-D7 
'- 
DO-In 
1ll 
r--" 
'r- 


ilREij 
r- -- 


1IR!l:l 
MEMORY 
~ 
r- 


Z80 
I!D 
r- - 
RD 
1Ill 
r- - 
MPU 
"" 
lffiili 
r- - 
r- - 


"FSH 


"IIDifACK 


DOSR~ 
f- 


WAIT 
r- - 
r- - 
INT 
t-- 
- 
iliiI 
t-- 
- 
HALf 
t-- 
- 


+5V 


!!l 
'"~ 
'" 
'" 
'" 
IADDRTBS 


C/}l-- 
~ -..> 
'I 
ADORES. I 


DECODER 
~~< 
-IE 
., 
DECODKR 
" 
.. 
~ 
" 
< 


~fiAfiJ 


< 
" 
I 
I 


lEI 
lrI! 


e-- 
- 


AD 


AO - 
AI5 
h - 
Al 
PAO- 
PA7 
\ 


DO-In 
'- 
DO-O'1 
r' 
'>-- 


Z80 
AnDY 


BUSRZQ 
~ 
t-- - 
BOSACK: 
ASTB 


Z8D 
8il 
r- 
- 
pro 


JllUi:( 
r- - 


DMA 
~ 
- - 


IORQ. 


RD 
- - 


RD 
lffi 
WR 
PDD 
- 
PB? 
- - 
., 
- - 
1iI 
BRDY 


lirf/pULSE 
Tiff 
- - 
Tiff 
BeTa 


eLl< 
- 
- 
eLK 
no 
ROY 
uo 
IE[ 
lEO 


I 
I 
I 
v 
I 
II 


On 
the 
zSO 
system, 
signal 
lines 
of 
MPU 
and 
peripheral 
devices 
are 


conneced 
almost 
directly. 
In 
Fig. 
3.43, 
priority 
is 
in 
the 
order 
of 
DMA 


and 
PIO. 
This 
is 
becuase 
the 
connection 
is 
made 
according 
to 
the 
daisy 
chanin 
method 
which 
is 
peculiar 
to 
the 
ZSO 
system. 
In 
the 
case 
of 
DMA, 
especially, 
in order 
to operate 
as a bus 
controller, 
BUSACK 
signal, 
which 


is 
the 
output 
of 
MPU, 
i.s input 
to 
BAI 
of 
DMA 
by 
the 
bus 
request 
daisy 
chain. 
When 
several 
units 
of 
DMA 
are 
used, 
BAO 
is 
connect 
to BAI 
of 
DMA 


which 
has 
the 
next 
higher 
priority. 
Hardware 
can 
be 
easily 
connected 
as 


shown 
in Fig. 
3.43. 
In addition, 
memory 
mapped 
I/O 
also 
can 
be 
connected 


to 
DMA. 


(2) 
Program 
example 


As 
a program 
exmaple 
of 
DMA 
operation, 
an 
example 
of 
transfer 
from 
I/O 
to 


memory 
using 
PIO 
is shown . 


0020 
0021 
0030 
2000 
0100 


DPIOB 
DPIOB 
DMA 
DSTN 
LENGTH 


.ZSO 
ZSO 
DMA 
DATA 
TRANSFER 
I/O 
TO MEMORY 
(PIO 
PORT 
B) 
EQU 
20H 


EQU 
+)DPIOB+l 
EQU 
30H 
EQU 
2000H 
EQU 
256 


;DATA 
PIO 
CHANNEL 
B 
;CONTROL 
PIO 
CHANNEL 
B 


;DMA 
ADDRESS 
;DESTI NATION 
;BLOCK 
LENGTH 


ORG 
1000H 


1.000' 
F3 
STRT: 
DI 
100 l' 
3E 
10 
LD 
A,lO 
1003' 
ED 47 
LD 
1,A 
1005' 
ED 
5E 
1M 
2 
;INTERRUPT 
MODE 
2 


PIO 
B INITIALI ZATION 
1007' 
3E 4F 
LD 
A,4FH 
;MODE 
I 
1009 ' 
D3 21 
OUT 
(CPIOB) ,A 


100B' 
3E 
07 
LD 
A,07H 
100D' 
D3 
21 
OUT 
(CPIOB) ,A 


DMA 
RESET 
100F' 
3E 
C3 
LD 
A,OC3H 
lOll' 
06 
06 
LD 
B,06H 
1013 ' 
D3 
30 
DMRT: 
OUT 
(DMA) ,A 
1015' 
10 FC 
DJNZ 
DMRT 


DMA 
INITIALIZATION 
1017' 
06 
12 
LD 
B, DMAFIN-DMACTA 


1019 ' 
OE 
30 
LD 
B,DMA 
101B' 
21 
104E' 
LD 
HL,DMACTA 
101E' 
ED 
B3 
OTIR 
1020 ' 
FB 
EI 
1021 ' 
C9 
RET 


INTERRUPT 
ON 
READY 
1022' 
76 
lOR: 
HALT 


MPUZSO-lSl 


TOSHIBA 
TMPZ84CI0P 


INTERRUPT 
ON 
MATCH 
1023' 
76 
roM: 
HALT 


INTERRUPT 
ON 
END 
OF 
BLOCK 
1024' 
CD 
1037' 
roE: 
CALL 
SAV 
1027' 
3E 
8B 
LD 
A,8BH 
1029' 
32 0030 
LD 
(DMA),A 


102C' 
06 
04 
LD 
B,DMAFIN-DMACTB 


102E' 
OE 
30 
LD 
C,DMA 


1030' 
21 
105C' 
LD 
HL,DMACTB 
1033' 
ED 
B3 
OTIR 
1035' 
C9 
RET 


INTERRUPT 
ON 
MATCH, 
END 
OF 
BLOCK 


1036' 
76 
IME: 
HALT 


REGISTER 
SAVE 


1037' 
E3 
SAV: 
EX 
(SP),HL 
1038' 
D5 
PUSH 
DE 
1039' 
C5 
PUSH 
BC 


103A' 
F5 
PUSH 
AF 


103B' 
DD E5 
PUSH 
IX 
103D' 
FD E5 
PUSH 
IY 
103F' 
CD 
104D' 
CALL 
RUN 
1042' 
FD 
El 
POP 
IY 


1044' 
DD 
El 
POP 
IX 


1046' 
Fl 
POP 
AF 
1047' 
Cl 
POP 
BC 


1048' 
Dl 
POP 
DE 
1049' 
El 
POP 
HL 
104A' 
FB 
EI 
104B' 
ED 
4D 
RETI 


104D' 
E9 
RUN: 
JP 
(HL) 


DMA 
COMMAND 
TABLE 
PORT 
A - MEMORY 


PORT 
B - pro 
CHANNEL 
B 
104E' 
DMACTA 
EQU 
$ 
104E' 
C3 
DEFB 
OC3H 
:WR6 
RESET 
COMMNAD 
104F' 
7D 
DEFB 
7DH 
:WRO 
PORT 
A TO 
PORT 
B(TEMP) 


1050' 
2000 
DEFW 
DSTN 
DESTINATION 
ADDRESS 


1052 ' 
OOFF 
DEFW 
LNGTH-l 
BLOCK 
LENGTH 
1054' 
14 
DEFB 
14H 
:WRl 
PORT 
A - "INCREMENT" 
ADDRESS 
1055' 
28 
DEFB 
28H 
:WR2 
PORT 
B - "FIXED" 
ADDRESS 


i056' 
AO 
DEFB 
OAOH 
:WR3 
ENABLE 
INTERRUPT 


1057' 
95 
DEFB 
95H 
:WR4 
BYTE 
MODE 
TRANSFER 


1058' 
20 
DEFB 
DPIOB 
PORT 
B ADDRESS(L) 


1059' 
32 
DEFB 
32H 
IOE,STATUS 
AFFECTS 


VECTOR 
105A' 
FF 
DEFB 
INTV-STRT 
:INTV 
INTERRUPT 
VECTOR 


MPUZ80-182 


TOSHIBA 
TMPZ84C10P 


10SB' 
82 
DEFB 
82H 
:WRS 
RDY ACTIVE 
"LOW",CEI 
ONLY 
10SC' 
DMACTB 
EQU 
$ 
10SC' 
CF 
DEFB 
OCFH 
:WR6 
LOAD ADDRESS TO PORT A 


10SD' 
01 
DEFB 
OlH 
:WRO 
PORT B TO PORT A 
lOSE' 
CF 
DEFB 
OCFH 
:WR6 
LOAD ADDRESS TO PORT B 
10SF' 
87 
DEFB 
87H 
:WR6 
ENABLE 
DMA 
1060' 
DMAFIN 
EQU 
$ 


ORG 
STRT+OFFH 
10FF' 
1022' 
INTV: 
DEFW 
lOR 
1101' 
1023' 
DEFW 
roM 
1103' 
1024' 
DEFW 
roE 
1105' 
1036' 
DEFW 
lME 
END 


I PREL IMI NARY I 


1 
Symbol 
Item 
Rating 
I 
Unit 
1 


1 
vcc 
1 
Supply 
Voltage 
I 
-0.5 
to +7 
I 
V 
1 


1----------1-----------------------------------1--------------------1------1 


I 
VIN 
I 
Input 
Voltage 
1 
-0.5 
to Vcc 
+ 0.5 
1 
V 
1 


1----------1-----------------------------------1--------------------1------1 


I 
PD 
I 
Power 
Dissipation 
(TA=8s'C) 
I 
250 
1 
mW 
1 
1----------1-----------------------------------1--------------------1------1 
1 
TSOLDER 
1 
Soldering 
Temperature 
(10 
see) 
1 
260 
I'c 
1 


1----------1-----------------------------------1--------------------1------1 
1 
Tstg 
I 
Storage 
Temperature 
I 
-65 
to 
150 
I'c 
I 


1----------1-----------------------------------1--------------------1------1 


I 
Topr 
1 
Operating 
Temperature 
1 
-40 
to 
85 
1 
·c 
I 


TA = -40'c 
to 8s'C, 
VCC 
SV 
± 
10%, 
VSS 
= OV 


SYMBOL 
ITEM 
TEST 
CONDITION 
I 
MIN. 
Typ.1 
MAX. 
UNIT! 


VILC 
Low 
Clock 
Input 
I 
-0.3 
I 
0.6 
V 
I 


Voltage 
1 
1 
1 


VIHC 
High 
Clock 
Input 
VCC-0.6 
VCC+0.3 
V 1 


Voltage 
I 


VIL 
Low 
Input 
Voltage 
-0.5 
0.8 
V I 


(Except 
CLK) 
I 


VIH 
High 
Input 
Voltage 
2.2 
VCC 
V 
I 
(Except 
CLK) 
1 


VOL 
Output 
Low 
Voltage 
IOL 
= 
2.0rnA 
0.4 
V 1 


BUSREQ 
only 
1 


3.2mA 
! 
VOHl 
Output 
High 
Voltage 
IOH 
= -1. 6mA 
2.4 
V 
! 


(1) 
I 
I 


VOH2 
Output 
High 
Voltage 
IOH 
= -2s0uA 
VCC-0.8 
- 
I 
V 
I 


(II) 
I 
I 


ILl 
Input 
Leak 
Current 
VSS$ 
VIN$ 
VCC 
I 
±10 
UA 


I 
ILO 
Output 
Leak 
Current 
VSS + 0.4 
~ VlN 
1 
±10 
uA 
~ VCC 
1 
Supply 
Current 
VCC=5V,CLK=4MHz 
I 
ICCl 
(at 
time 
of 
opera- 
VIHC=VIH=VCC- 
6 
I 
10 
mA 


tion) 
0.2V 
I 


VILC=VlL=0.2V 
I 


Supply 
Current 
VCC=sV,CLK=VlLC 
1 


ICC2 
(at 
time 
of 
stand- 
VIHC=VIH=VCC- 
1 


by) 
0.2V 
0.51 
10 
JJA 


VlLC=VlL=0.2 
1 


<t • .> 
A~ 
~ieC(r~cal 
~naraC(er~S[lCS 
!PRELIMINARY\ 


4.3.1 
A.C. 
Characteristics 
(I) 


When 
operate 
as 
peripheral 
devices 
(inactive 
state) 
TA 
-40'C 
to 
8S'C, 
VCC 
= 
SV 
± 
10%, 
VSS 
= 
OV 
(*) : 
TEST 
CONDITION 


NO. 
SYMBOL 
ITEM 
I (*) 
IMIN.ITYP.IMAX.luNITI 
1 
TcC 
Clock 
cycle 
tune 
I 
I 
2501 
- I 
DC 
I 
ns 
I 
2 
TwCh 
Hi 
h 
clock 
pulse 
width 
I 
1 1101 
- I 
DC 
I 
ns 
I 


3 
TwCl 
Low 
clock 
pulse 
width 
I 
1 110 I 
- I 
DC I ns 
1 
4 
TrC 
Clock 
rise 
time 
I 
I - 
I 
I 30 
I 
ns 
I 
5 
TfC 
Clock 
fa 11 
time 
I 
I - 
I 
I 30 
I ns 
I 
6 
Th 
Hold 
time 
I 
I 
01 
- I 
- 
I ns 
-- 
- 
I 
I 
I 
I 
I 
7 
TsC(Crl 
10RQ, 
WR 
and 
CE 
signals 
I 
I 145 I - I 
- 
I ns 
set-up 
time 
for 
clock 
I 
I 
I 
I 
I 
rise 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
8 
TdDO(RDf) 
Delay 
from 
RD 
fall 
to 
I 
I 
- 
I - 
I 3801 
ns 
data 
output 
I 
I 
I 
1 
Data 
input 
set-up 
time 
I 
I 
I 
1 
9 
TsWM( Cr) 
for 
clock 
rise 
(write 
I 
1 
501 
- 
I 
ns 
or 
Ml 
cycle) 
1 
I 
I 
I 
I 
I 
I 
I 
10 
TdCf(DO) 
Delay 
from 
IORQ 
fall 
to 
I 
I 
- I 
- I 
160 
ns 


data 
output 
I 
I 
I 
I 


(INTA 
cycle) 
ICL= 
I 
I 
I 


I 
I 
I 


11 
TsRD( DZ) 
Delay 
from 
RD 
rise 
to 
1100pFI 
I 
110 
ns 


data 
bus 
float 
state 
I 
I 
I 
I 
I 
I 


12 
TsIEI( 
IORQ) 
lEI 
set-up 
time 
for 
10RQ 
I 
I 1401 
ns 
fall 
I 
I 
I 
(INTAa 
cycle) 
I 
1 
1 
I 
13 
TdIEOr( 
IElr) 
Delay 
from 
lEI 
rise 
to 
I 
1 
I 
1601 
ns 
IEO 
rise 
I 
I 
1 
I 


14 
TdIEOf( 
lEI f) 
Delay 
from 
lEI 
fall 
to 
I 
I 
- 
I 
130 I 
ns 


IEO 
fall 
I 
I 
I 
I 


I 
I 
I 
I 
15 
TdMl(IEO) 
Delay 
from 
Ml 
fall 
to 
IEOI 
I 
- I 
1901 
ns 


fall 
(When 
interrupt 
I 
I 
I 
I 
is 
gener~ed 
immediately 
I 
I 
I 
I 
before 
Ml 
cycle.) 
I 
I 
I 
I 


I 
I 
I 
I 
16 
TsMlf(Cr) 
Ml 
signal 
set-up 
time 
fori 
1 
901 
I 
ns 
clock 
rise 
I 
1 
I 
I 


I 
I 
I 
I 
17 
TsMlr(Cf) 
Ml 
signal 
set-up 
time 
fori 
I -101 
1 ns 
clock 
fall 
I 
I 
I 
I 


I 
I 
I 
I 
18 
TsRD(Cr)) 
RD 
signal 
set-up 
time 
fori 
I 
1151 
I ns 
clock 
rise 
(Ml 
cycle) 
I 
I 
! 
1 


MPUZ80-l8S 


TOSHIBA 


NO. 
SYMBOL 
19 
TdI (INT) 


20 
TdBAIr(BAOr) 


21 
TdBAIf(BAOf) 


22 
TsRDY(Cr) 


ITEM 
Delay 
from 
int~upt 


generation 
to INI 
fall 


(at 
inactive 
state) 


MIN.ITYP.IMAX.IUNITI 
- 
I 
- 
1 5001 
ns 
I 


I 
I 
I 
I 
1 
I 
I 
I 


I 
I 
I 
1 


1 
I 150 I 
ns 
1 


1 
1 
I 
1 


1 
I 
1 
I 


- 
I 
- 
I 1501 
ns 
I 


1 
1 
I 
I 


1001 
- 
I 
- 
I ns 
I 
I 
I 
1 
I 


When 
operate 
as bus 
controller 
(active 
state) 
TA 
-40'C 
to 85'C, 
vcc 
= 
5V 
± 
10%, 
VSS 
= OV 
(*): TEST 
CONDITION 


NO. 
SYMBOL 
ITEM 
(*) 
MIN, 
TYP. 
MAX.luNITI 


1 
TcC 
Clock 
cycle 
time 
250 
DC I ns 
I 


2 
TwCh 
High 
clock 
pulse 
width 
110 
DC 
1 ns 
1 
3 
TwCl 
Low 
clock 
pulse 
width 
110 
DC 
I 
ns I 


4 
TrC 
Clock 
rise 
time 
30 
I 
ns 


5 
TfC 
Clock 
fall 
time 
30 
I 
ns 


6 
TdA 
Dela 
of 
address 
out 
ut 
110 
I ns 


7 
TdC(AZ) 
Delay 
from 
clock 
rise 
to 
90 
I 
ns 


address 
bus 
float 
state 
1 
8 
TsA(MREQ) 
Address 
set-up 
time 
for 
(2) 
- 
1 ns 


MREQ 
fall 
+(5) 
I 


(memory 
cycle) 
-75 
I 


9 
TsA(IRW) 
Addres~set-up 
time 
for 
CL= 
1 
I 


IORQ, 
RD, 
WR 
fall 
100pFI 
(1) 
- 
I ns 
(I/O 
cycle) 
1-70 
1 


10 
TdRW(A) 
Address 
hold 
time 
from 
1(3)+ 
RD, 
WR 
rise 
1(4)-1 
ns 


I 
501 


11 
TdRW(Az) 
Address 
hold 
time 
from 
I (3)+ I 
I 


RD, 
WR 
rise 
1(4)-1 
- 
1 
ns 


(at 
float 
state) 
I -451 
1 
12 
TdCf(DO) 
Delay 
from 
clock 
fall 
to 
I 
- 
1 
150 
ns 


data 
output 
I 
1 


13 
TdCr(DZ) 
Delay 
from 
clock 
rise 
to 
I 
I 
90 
ns 


data 
bus 
float 
state 
I 
I 
(write 
cycle) 
I 
1 
14 
TsDI(Cr) 
Data 
inpu t set-up 
time 
upl 
1 35 I 
ns 
to clock 
rise 
(read 
cycle I 
I 
I 
in which 
RD 
ended 
at 
1 
I 
I 


clock 
rise) 
I 
I 
I 
15 
TsDI(Cf) 
Data 
input 
set-up 
time 
upl 
I 
50 
I 
ns 


to 
clock 
fall 
(read 
cyclel 
I 
I 
in which 
RD ended 
at 
I 
1 
1 


clock 
fall) 
1 
I 
I 


MPUZ80-186 


TOSHIBA 
TMPZ84ClOP 


NO. 
SYMBOL 
ITEM 
(*) IMIN. 
TYP. IMAX. IUNIT 1 
16 
TsDO(WfM) 
Data 
output 
set-up 
time 
I 
0) 
ns 
up 
to WR 
fall 
1-170 
(memory 
cycle) 
1 
17 
TsDO(WfI) 
Data 
output 
set-up 
time 
1 
ns 


up 
to WR 
fall 
100 
(I/O 
cycle) 
18 
TdWr(DO) 
Data 
hold 
time 
from 
WR 
(3)+ 
ns 


rise 
(4)- 
70 
19 
Th 
Hold 
time 
0 
ns 
20 
TdCr(Mf) 
Delay 
from 
clock 
rise 
to 
85 
ns 


MREQ 
fall 
21 
TdC£(Mf) 
Delay 
from 
clock 
fall 
to 
85 
ns 


MREQ 
fall 


22 
TdCr(Mr) 
Delay 
from 
clock 
rise 
to 
85 
ns 


MREQ 
rise 
23 
TdCf(Mr) 
Delay 
from 
clock 
fall 
to 
85 
ns 


MREQ 
rise 
1 
OH 
ns 


24 
TwMl 
Low 
MREQ 
pulse 
wjdth 
301 
(2)+1 
ns 
25 
TwMh 
High 
MREQ 
pulse 
width 
<sH 
201 


26 
TdCf(lf) 
Delay 
from 
clock 
fall 
to 
- 
I 
85 
ns 


lORQ 
fall 
CL= 
1 
27 
TdCr(lf) 
Delay 
from 
clock 
rise 
to 
1 
75 
ns 


lORQ 
fall 
100pF 


28 
TdCr(Ir) 
Delay 
from 
clock 
rise 
to 
85 
ns 


lORQ 
rise 
1 


29 
TdC£(Ir) 
Delay 
from 
clock 
fall 
to 
1 
85 
ns 


lORQ 
rise 
1 


30 
TdCr(Rf) 
Delay 
from 
clock 
rise 
to 
1 
85 
ns 


RD 
fall 
I 
31 
TdC£(Rf) 
Delay 
from 
clock 
fall 
to 
1 
95 
ns 


RD 
fall 
1 
1 


32 
TdCr(Rr) 
Delay 
from 
clock 
rise 
to 
1 
1 85 
ns 


RD 
rise 
1 
1 
33 
TdC£(Rr) 
Delay 
from 
clock 
fall 
to 
I 
- 
1 - I 85 
ns 


RD 
rise 
1 
1 
34 
TdCr(Wf) 
Delay 
from 
clock 
rise 
to 
I 
I 
65 
ns 


WR 
fall 
1 
I 


35 
TdCf(Wf) 
Delay 
from 
clock 
fall 
to 
I 
- 
I 
80 
ns 


WR 
fall 
I 
1 
36 
TdCr(Wr) 
Delay 
from 
clock 
rise 
to 
I 
I 
80 
ns 


WR 
rise 
I 
1 
37 
TdCf(Wr) 
Delay 
from 
clock 
fall 
to 
1 - I 
80 
ns 


WR 
rise 
I 
1 
10H 
ns 


38 
TwWl 
Low 
WR 
pulse 
width 
1 
301 
I 
I 


39 
TsWA( cf) 
WAIT 
signal 
set-up 
time 
I 
70 
I 
ns 
for 
clock 
fall 
1 
1 


MPUZ80-187 


SYMBOL 
TdCr(B) 


ITEM 
I (*) 
IMIN.ITYP.IMAX.luNITI 


Delay 
from 
clock 
rise 
up I 
I 
I 
1100 
I ns 
I 


to BUSREQ 
signal 
ICL= 
I 
I 
I 
I 
I 


Delay 
from 
clock 
rise 
to 
IlOOpFI 
- I 
- 
I SO 
I ns 
I 


IORQ, 
MREQ, 
RD, 
WR 
signal I 
I 
I 
I 
I 
I 


float 
state 
I 
I 
I 
I 
I 
I 


A.C 
Test 
conditions 


VIH 
2.4V, 
VIL 
0.4V, 
VIHC 
VCC 
- 0.6V, 
VILC 
0.6V 


VOH 
= 
2.2V, 
VOL 
O.SV 


I PREL IMI NARY I 


SYMBOL 
I 
ITEM 
I 
TEST 
CONDITION 
IMIN. ITYP. IMAX. IUNIT I 
CCLOCK 
I 
Clock 
Inputt 
I 
f=lMHz 
I 
- I 
- I 
5 I pF 
I 
I Capacitance 
I All 
terminals 
except 
that 
I 
I 
I 
I 
I 
CIN 
I 
Input 
Capacitance 
I 
to be 
measured 
should 
be 
I - I 
- I 
5 I 
pF 
I 
COUT 
IOutput 
Capacitance 
I earthed. 
I 
- I 
- I 
10 I 
pF 
I 


4.5 
Timing diagram 
Numbers shown in 
the 
following 
figures 
correspond 
with 
those 
in 
the 
4.3 


A.C. Electrical 
Characteristics 
Table. 


:r---- 


INTERRUPT 
CONDITION 


BAI 


--_--'l~ 


{ 


INPUT 


DO -- 
D7 


OUTPUT 


Note 1. 
This dimension 
is measured at the center of bending point of leads. 


Note 2. 
Each lead pitch is 2.S4mm, and all the leads are located within ±O.2S 
mm 
from 
their 
theoretical 
positions 
with 
respect 
to No.1 
and No.40 


leads. 


No 
special 
care 
is required 
in the z80 system 
designing 
employing 
DMA 
but 
it 
is necessary 
to 
fully 
understand 
the 
basic 
timings 
and 
commands 
shown 
in 3. Operational 
Description. 
For 
the basic 
timings, 
please 
refer 
to the precautions 
in 3.3.2 
(1). 
For 
the 
commands, 
care 
shall 
be 
taken 
to the programming 
as there 
are many 


registers 
and 
setup 
is considerably 
complictated. 
As 
the precaution 
for 
the programming, 
the "fixed 
address 
destination 
port 
programming" 
is 
briefly 
described. 
When 
Port 
A 
is 
assumed 
to 
be 
the 


"fixed 
add,ress destination 
port", 
address 
can 
be 
loaded 
in 
the 
following 


steps: 


(1) 
Write 
Port 
A address 
into WRO. 


(2) 
Designate 
Port 
A as 
the 
source 
port. 
(set 
up temporarily) 


(3) 
Load 
Port 
A address 
on 
the address 
counter. 
(Load 
command 
CFH) 


(4) 
Write 
Port 
B start 
address 
into WR4. 


(5) 
Convert 
Port 
A 
into 
the destination 
port. 
(6) 
Load 
Port 
B start 
address 
on 
the 
address 
counter. 
(source 
port 
address) 


The 
TMPZ84C20P 
(hereinafter 
referred 
to 
as 
PIO) 
is 
CMOS 
version 
of 
Z80 
PIO 
and 
has 
been 
designed 
to 
provide 
low 
power 
operation. 
The 
PIO 
is 
a 
general 
purpose 
parallel 
input/output 
port 
device 


programmable 
independent 
8-bit 
ports, 
which 
provides 
a 
direct 
between 
the 
z80 
microprocessor 
(hereinafter 
referred 
to 
as 


peripheral 
devices. 
This 
PIO 
provides 
excellent 
data 
transfer 
processing 
by 
the 
interrupt 
and 
allows 
the 
interrupt 
in Mode 
2 
of 
MPU. 


The 
TMPz84C20P 
is 
fabricated 
using 
Toshiba's 
CMOS 
Silicon 
Gate 
Technology. 


with 
two 


interface 
MPU) 
and 


principal 
functions 
and 
features 
of 
the 
TMP84C20P 
are 
as 
follows. 


Compatible 
with 
the 
functions 
and 
pin 
connections 
of 
Zilog 
z80 
PIO. 


Low 
power 
consumption 
2mA 
Typ. 
(Sv 
4MHz), 
IO~A 
Max. 
(SV, 
at 
stand-by) 


Operating 
temperature 


-40'c 
to 
8S'c 
DC 
to 
4MHz 
operation 


2 
programmable 
independent 
8-bit 
input/output 
ports 
with 
handshake 


function. 
4 
operation 
modes 
for 
each 
port: 


Mode 
0 
(Byte 
Output 
Mode) 


Mode 
I 
(Byte 
Input 
Mode) 


Mode 
2 
(Byte 
Input/Output 
Mode) 
Port 
A 
only. 
Mode 
3 
(Bit 
Mode) 
Built-in 
interrupt 
priority 
control 
circuit 
in 
daisy 
chain 
structure 
Port 
B 
outputs 
capable 
of 
driving 
Darlington 
transistors 


All 
input/output 
lines 
are 
TTL 
compatible. 
Single 
SV 
power 
supply. 
Single-phase 
clock 
40 
pin 
DIP 
package 


(7) 
(8) 
(9) 
(10) 
(11) 


TOSHIBA 
TMPZ84C20P 


2. 
Pin 
Connections 
and 
Pin 
Functions 


2.1 
Pin 
connections 
The 
pin 
connections 
of 
the TMPZ84C20P 
are 
as shown 
in Fig. 
2.1. 


02 
-loO 
03 
07 
39 
04 


06 
38 
05 
CE 
37 
Ml 


e/D 
36 
lORQ 


B/A 
3S 
iill 


A7 
34 
B7 


A6 
33 
B6 
A5 
32 
B5 


A4 
31 
B4 


vss 
30 
B3 


A3 
29 
B2 


A2 
28 
Bl 


Al 
27 
BO 
AO 
26 
vee 
ASTB 
6 
25 
eLK 


aSTa 
24 
lEI 


ARDY 
23 
INT 


DO 
22 
IEO 


Dl 
21 
BROY 


Fig. 
2.1 
Pin 
Connections 
(Top 
View) 


2.2 
Pin 
names 
and 
functions 
I/O pin 
names 
and 
functions 
are 
as shown 
in Table 
2.1. 


Table 
2.1 
Pin 
Names 
and 
Functions 


lof Pin I 


DO - 07 
I 
8 
I 


I 
I 
I 
I 


CE 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 


I 
I 
C/O 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
B/A 
I 
I 
I 
I 
I 
I 
I 
I 


3-state 
170 
3-state 


I 
I 


8-bit 
bidirectional 
data 
bus. 
I 


Data 
transfer 
between 
MPU 
and PIa 
I 


Chip 
enable. 
I 


Used 
for accessing 
MPU 
and 
PIa. 
I 


When 
MPU 
selects 
this 
PIa, 
this 
terminal 
I 
becomes 
L level 
(Refer 
to 3.4 
Basic 
timing.)1 
Normally, 
this 
terminal 
is connected 
to the 
I 
address 
decoder 
output. 
I 


Control/data 
select. 
I 


Indicates 
if signal 
on 
the data 
bus 
is con- I 
trol 
signal 
or data. 
Selects 
data 
at L 
I 
level 
and 
command 
at H level. 
Normally, 
I 
connected 
to 
address 
bi t Al of MPU. 
I 


Port 
A/port 
B select. 
I 


Selects 
Port 
A at L level 
and 
Port 
B at H 
I 
level. 
I 


Normally, 
connected 
to address 
bit 
AO 
of 
I 
MPU. 
I 


lof Pinl 


AD - A7 
I 
8 
I 


I 
I 
I 
I 
I 
I 


ASTB 
1 
I 


I 
I 


I 
1 
I 
I 
I 
I 


BSTB 
I 
I 


1 
I 


I 
1 


1 
I 


I 
1 


ARDY 
I 
I 


1 
I 
I 
I 


1 
1 
I 
I 
I 
I 


Ml 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


IORQ 
1 
I 
I 
I 
I 
I 
I 
I 


I 
1 
I 
I 


3-state 
I/O 
3-state 


I/O 
3-state 


Port A bus. 
Data transfer between Port A of PIa and 
external device. 
Port A strobe input 
Handshake 
signal from the external device. 


Signal meaning differs depending upon 
operatiom mode. 
(Refer to 3.4 Basic 


timing.) 
Port B strobe input 
Handshake 
signal from the external device. 


Signal meaning 
is the same as ASTB but dif- 


fers if Port A is in Mode 2. 
(Refer to 3.4 Basic timing.) 
Register A ready. 
Port A ready. 
Handshake 
signal to the external device. 


Signal meaning differs depending upon 
operation mode. 
(Refer to 3.4 Basic 
timing. ) 
Machine 
cycle 1. 
When both Ml and IORQ are at L level, in- 
dicates that MPU is executing the inter- 
rupt acknowledge 
cycIe. 
(Refer to 3.4 


Basic timing.) 
Normally, connected to Ml 


of MPU. 
I/O request. 
Used to access between MPU and PIa. 
This 


terminal becomes L level when I/O addresses 
are on the address in the write cycle and 
read cycle. 
Further, when IORQ and Ml are 


both at L level, it indicates that MPU 
is 


executing the interrupt acknoledge cycle. 
(Refer to 3.4 Basic timing.) 
Normally, connected to IORQ of MPU. 
Read signal. 
Used to access between MPU and PIa. 
Controls the transfer direction. 
(Refer to 


3.4 Basic timing) 
Normally, connected to 


RD of MPU. 
Port B bus. 
Data transfer between Port B of PIa and 
external device. 
Capable of driving -1.SmA 


(@VoH=l.SV) Darlington transistors. 
System clock. 
Single-phase clock input. 
In DC state (either at H or L level), PIa is 
in a stand-by state and power consumption 
becomes extermely 
less. 


1 Number I Input/Outputl 
lof Pin 
3-state 
1 
I 
1 
Input 
I 


1 
I 


1 


1 


1 
I 
I 
I 
Output 
1 


1 
Output 
I 


1 
I 


I 


1 
I 
I 
IPower 
supply 
I 
I 
IPower 
supply 


I 


Function 
I 
I 


Interrupt 
enable 
input_.__ 
1 
Together 
with 
IEO 
and 
INT, 
forms 
daisy 
chainl 
interrupt 
control 
signal. 
Connected 
to 
I 


IEO of high 
priority 
peripheral 
LSI. 
1 


However, 
to give 
higher 
priority 
than 
other 
1 


peripheral 
LSI's 
to this 
PIO, 
connect 
this 
1 


terminal 
to the +SV 
power. 
1 
(Refer 
to 3.3.2 
Interruption.) 
I 


Interrupt 
request. 
1 


Interrupt 
r~est 
signal 
for MPU. 
1 


Connect 
to INT 
of MPU. 
(Open 
drain) 
I 


Interrupt 
enable 
outpu~ 
1 


Together 
with 
lEI 
and 
INT, 
forms 
daisy 
chainl 
interrupt 
control 
signal. 
Connected 
to 
I 


lEI 
of 
low priority 
peripheral 
LSI. 
I 


However, 
if this 
PIO 
has 
the 
lowest 
priorityl 


than 
any 
other 
peripheral 
LSI's, 
this 
IEO 
1 


is not 
used. 
I 


(Refer 
to 3.3.2 
Interruption) 
1 


Port 
B ready 
I 


Handshake 
signal 
to the external 
device. 
1 
Signal 
meaning 
is the 
same 
as 
that 
of ARDY. 
1 


However, 
it differs 
when 
Port 
A is 
in Mode 
I 
2. 
(Refer 
to 3.4 Basic 
timing.) 
I 
I 


+SV 
1 


1 
I 


OV 
1 


1 


3.1 
Block diagram 
The block diagram of PIO is shown in Fig. 3.1. 


MPU 
BUS 


I/O 


LOGICAL 


OPERATION 


CIRCUIT 


PORT 
A 


I/O 


LOGICAL 


OPERATION 


CIRCUIT 


DATA 
CONTROL 


(PORT 
I/OLIN'E\NE 
ASTB 


ARDY 


PORT 
B 


I/O 


LOGICAL 


OPERATION 


CIRCUIT 


3.2 
System cinfiguration 
(Architecture) 
The 
system 
configuration 
of 
PIO 
consists 
of 
four 
logical 
operation 


circuits as below. 
(1) 
MPU Bus Input/Output Logical Operation Circuit 
(2) 
Internal Control Logical Operation Circuit 
(3) 
Interrupt Control Logical Operation Circuit 


(4) 
Port Input/Output Logical Operation Circuit 


3.2.1 
MPU bus input/output logical operaton circuit 
This 
is a circuit 
for connecting PIO 
to MPU. 
This circuit 
connects 
PIO 


directly 
to MPU 
without 
using 
other 
external 
circuit. 
However, 
if 
a 
system becomes 
large, it becomes necessary 
to provide 
an address decoder 


and a line buffer. 


3.2.2 
Internal control logical operation circuit 


This 
is a 
circuit 
to 
synchronize 
the MPU 
data 
bus with 
PIO 
Port A 
and 


Port B. 


3.2.3 
Interrupt control logical operation circuit 


This is a circuit 
to perform processing 
concerning 
interrupt of MPU such 
as decision of priority. 


3.2.4 
Port input/output logical operation circuit 


This 
is 
a 
circuit 
to 
connect 
PIO 
to 
external 
devices. 
This 
ciruit 
consists 
of 
7 
registers 
and 
one 
flip-flop 
circuit 
shown 
below. 
Data 
write 
to the registers 
is performed 
by MPU 
according 
to program. 
Shown 
in parentheses 
is number 
of 
bits. 
The 
internal 
port 
configuration 
is 
shown in Fig. 3.2. 


o 
Data input register 


o 
Data output register 


o 
Mode control register 


o 
Interrupt vector register 
o 
Interrupt control register 


o 
Mask control register 


o 
Data input/output control register 


(8 bits) 
(8 bits) 
(2 bits) 
(8 
bi ts) 
(2 bits) 
(8 
bi ts) 


(8 bits) 


INTERRUPT 
MODE 
VECTOR 
CONTROL 
REGISTER 
REGISTER 
(8 BITS) 
(2 BITS) 


OUTPUT 
ENABLE 


INTERNAL 
BUS 


DATA 
CONTROL 
LINE 


INTERRUPT 
MASK 
DATA 


CONTROL 
CONTROL 
INPUT DATA 
INPUT 


REGISTER 
REGISTER 
REGISTER 
(2 BITS) 
(8 BITS) 
(8 BITS) 


HANDSHAKE 
READY 
INTERRUPT 
HANDSHAKE 
REQ.UEST 
CONTROL 
CONTROL 
LINE 
CIRCUIT 
STROBE 


(1) 
Data output register 
This register holds data to be transferred from MPU to external devices. 
Output data from MPU are transferred through this register. 


(2) 
Data input register 
This 
register 
latches 
data 
being 
transferred 
to 
MPU 
from 
external 


devices. 
All input data to MPU are read into MPU through this register. 
(3) 
Mode control register 
This register 
is used to designate 
operation modes. 
Operation modes 
are 
set up through control by MPU. 


(4) 
Interrupt vector register 
This 
register holds 
vector 
address 
of a table 
that stores 
start address 
of an interrupt routine. 
This 
register 
is used only when 
the 
interrupt 
process is performed. 
(5) 
Interrupt control register 
This 
register designates 
condtions 
for monitoring 
the input ports. 
This 
register is used only in Mode 3 of PIO. 


(6) 
Mask control register 
This 
register designates which bits 
of 
the input port 
is enable 
for 
the 
interrupt request. 
This register is used only in Mode 3 of PIO. 


(7) 
Data input/output control register 
This 
register 
designates 
each 
of 
the 
terminals 
for 
output/input 
use. 
This register is used only in Mode 3 of PIO. 


(8) 
Handshake 
control circuit 
This 
circuit controls data transfer with external devices 
connected 
to 8 
bit 
input/output ports. 


3.3.1 
Reset 
PIO has the following two reset functions: 
(1) 
Power ON reset 
PIO has a built-in automatic ~ower ON reset circuit. 
(2) 
Reset by external signal 
When 
RD and IORQ 
termiansl are set at H 
level and M1 
terminal kept 
at L 


level for 2 system clocks, PIO 
is reset 
immediately after 
the rise of Ml 
terminal. 


Reset status 
(1) 
Both ports are set in Mode 1. 


(2) 
Interrupt 
is disabled. 


(3) 
All bits of the data input/output registers of both ports are reset. 
(4) 
All bits of the mask 
control 
registers 
for both 
ports 
are 
reset 
and 
the 
completely masked state is resulted. 
(5) 
The 
port 
input/output 
lines of 
both 
ports 
are 
placed 
in high 
impedance 


state. 
(6) 
RDY signals for both ports become L level. 


The 
reset 
status 
is held 
until 
control 
characters 
are 
input. 


control characters refer to "3.5 Operating 
procedures". 


3.3.2 
Interrupt 


PIO is capable of generating 
interrupt when MPU is operating 
in Mode 2. 
The 
interrupt 
request 
signal 
(INT) 
from PIO 
is accepted 
when 
MPU 
is 
in 
the 
enabled 
state 
(after 
execution 
of 
EI 
instruction). 
When 
accepted 


INT, MPU latches the interrupt vector (8 bit data) from PIO. 


Based 
on 
this 
data, 
MPU designates 
the 
start 
address 
of 
the 
interrupt 
routine 
and by calling 
this 
routine, 
starts 
the 
interrupt 
processing. 
Since 
the 
start 
address 
of 
the 
interrupt 
routine 
can 
be 
thus 
designated 
by 
the 
interrupt 
vector 
from 
PIa, 
it 
is 
possible 
for 
user 
to 
call 
any 
address 
by changing 
a value 
of 
this 
vector. 


The interrupt 
ends 
when MPUexecutes 
RETI instruction. 
PIa 
has 
the 
RETI 
instruction 
decoding 
circuit 
and 
is 
capable 
of 
knowing 
end 
of 
the 
interrupt 
by constantly 
monitoring 
the 
data 
bus. 
The interrupt 
priority 
of 
peripheral 
LSI's 
is 
decided 
by the 
daisy 
chain 
structure. 
When peripheral 
LSI' s 
are 
connected 
in 
series 
as 
shown in 
Fig. 
3.3, 
peripheral 
LSI's 
which 
are 
physically 
closer 
to 
MPUwill 
have 
higher 
interrupt 
priority. 
Further, 
in 
the 
inside 
of PIa, 
Port 
A has 
the 


higher 
priority 
than 
Port 
B. 


Z80 Peripheral 
LSI 
has 
lEa 
and 
lEI 
terminal. 
The 
lEa 
terminal 
of 
a 
higher 
priority 
peripheral 
LSI 
is 
connected 
to 
the 
lEI 
terminal 
of 
a 
lower 
priority 
peripheral 
LSI 
by 
this 
signal 
line. 
However, 
the 
lEI 
terminal 
of 
a peripheral 
LSI having 
the 
highest 
priority 
is 
connected 
to 
the 
+SV power supply 
and the 
lEa 
terminal 
of 
a peripheral 
LSI having 
the 
lowest 
priority 
is 
not 
used. 
Generation 
of 
interrupt 
is 
in 
accordance 
with 
the 
following 
rules: 


o 
When the 
lEI 
and lEa 
terminals 
are 
both 
at 
H level, 
no interrupt 
is 
in 
progress. 
At 
this 
time, 
the 
INT terminal 
is 
at 
H level. 
In 
this 
state, 
the 
interrupt 
can be requested. 


o 
When PIa 
outputs 
the 
interrupt 
request 
signal 
(TNT), 
the 
lEa 
terminal 
is 
made to L level 
by this 
PIa. 
When an interrupt 
request 
is 
accepted 


by MPU, the 
INT terminal 
returns 
to H level. 


o 
When the 
lEI 
terminal 
becomes L level, 
the 
lEa 
terminal 
also 
becomes L 


level. 


o 
When the 
lEI 
terminal 
is 
at 
L level, 
no interrupt 
request 
can be made. 
o 
If 
the 
lEI 
terminal 
becomes 
L level 
while 
interrupt 
is 
generated, 
the 
interruption 
process 
is 
kept 
suspended. 


The 
connection 
in 
daisy 
chain 
structure 
allows 
connection 
of 
up 
to 
4 
PIa's 
without 
providing 
an 
external 
circuit. 
This 
is 
maximum quantity 
not 
to 
exceed 
the 
limit 
of 
lEa 
signal 
propagation 
time 
(time 
from 
the 
fall 
of MI signal 
to 
the 
fall 
of 
IORQ signal 
in 
the 
interrupt 
acknowledge 
cyc le) • 
Connec t ing 
of 
more 
than 
5 
PIa's 
requi res 
a 
simp le 
external 
circuit. 


(1) 
Before 
generation 
of 
interrupt 


H 
o Vcc 
MPUINT 
I 
I 
I 
I 
I 
I 
I 
I 
Vcc o-.!!I 
INT 
I H I 
INT 
I H I 
INT 
I H I 
INT 
I 


IIEI 
lEa I 
IIEI 
lEal 
IIEI 
IEol-IIEI 
lEal 


(1) 
(2) 
(3) 
(4) 


Vcc 
0 H I 
I HI' 
L 
IlL 
, 
-1 
1-1 
1-1 
1-1 
_ 


(3) 
Response 
by 
MPU 
to 
interrupt 
request 
••••• 
Execute 
the 
interrupt 
routine 
of 
peripheral 
(2) 


I H 
___ 
I 


v cc 
0 H I 
I H 
IlL 
I 
ILl 
-1 
1-1 
1-1 
1-1 
- 


(4) 
Interrupt 
request 
from 
peripheral 
(1) 
to MPU 
••••. 
Suspends 
the 
interrupt 
routine 
of 
peripheral 
(2) 


Vcc 
0 HilL 
1 
I L 
, 
, L 
I 
-1 
1-1 
1-1 
1-' 
- 


(5) 
Response 
by MPU 
to 
interrupt 
request 
••••• 
Execute 
the 
interrupt 
routine 
of 
peripheral 
(1) 


I H 
___ 
I 


Vcc 
0 HilL 
I 
, 
L 
IlL 
1 
-1 
1-1 
'-1 
1-1 
- 


(6) 
The 
interrupt 
routine 
of 
peripheral 
(1) 
ends 
(execution 
of 
RETI 
command) 
Restarts 
interrupt 
routine 
of 
peripheral 
(2) 


Vcc 
0 HI 
I H 
I 
I L 
IlL 
I 
-1 
1-1 
1-1 
1-1 
- 


Vcc 
a HI 
, H 
I 
I H 
I 
I H 
I 
-1 
'-1 
'-1 
1-1 
_ 


3.3.3 
Operation mode 


PIO 
is operated 
in one of the following 
4 operation 
modes. 


are selected by writing mode control characters. 
a 
Mode 0 (Byte output mode) 
a 
Mode 
1 (Byte input mode) 


a 
Mode 2 (Byte input/output mode) 


a 
Mode 3 (Bit mode) 


(1) 
Mode 0 (Byte output mode) 
In' Mode 
0, 
PIO 
sends 
out 
data 
received 
from 
MPU 
to 
external 
devices 


through the port data output register. 
The 
content 
of 
the data 
output 
register 
can 
be written 
using 
an 
output 
command. 
In addition, 
it remains unchanged 
till next output command even 
when data on the data bus changed. 
Executing 
an output command by MPU generates a write signal in PIO in the 
write 
cycle. 
Data 
on 
the 
data 
bus 
can 
be 
latched 
in 
the 
data 
output 
register by this write signal. 


(2) 
Mode 
1 (Byte input mode) 
In 
Mode 
1, 
PIO 
sends 
out 
data 
received 
from 
external 
device 
to 
MPU 


through the port data input register. 


(3) 
Mode 2 (Byte input/output mode) 
Mode 2 is an operation mode which 
combined Mode 0 and Mode 
1. 
Mode 
2 is 
used at Port A only. 
In this mode, 
all of 4 handshake 
control 
lines are used. 
The 
handshake 
control 
line of Port A 
is used 
for data output, 
and 
that of Port B 
for 
data input. 
Port A is used for data transfer and Port B is set in Mode 3 
(Bit mode) under which 
the handshake 
control 
line is not used. 
Interrupt 


timing generation 
is nearly the same in both Mode 0 and Mode 
1. 
In case 


of the input operation, 
the handshake 
control 
line of Port B 
is used and 


therefore, 
the interrupt vector 
written 
into Port 
B 
is transferred. 
It 
is therefore 
possible 
to control 
interrupt of input and output operation 


by different vectors. 


(4) 
Mode 3 (Bit mode) 
Mode 
3 is an operation mode which 
each bit of 
8bit 
port 
can be handled 


as 
an 
input or 
output. 
Since 
the handshake 
control 
line 
is not 
used, 


normal read/write can be performed. 


In case 
of write, 
data 
sent 
from MPUto PIO is 
latched 
in the 
data 
output 


register 
corresponding 
to 
bits 
which 
are 
set 
for 
output 
at 
the 
same 


timing 
as 
in Mode O. 
Interrupt 
is 
generated 
under 
the 
enabled 
state 
and when the 
condition 
specified 
in 
interrupt 
control 
register 
is 
satisfied 
for 
the 
bits 
which 
is 
set 
as 
an 
input. 
However, 
if 
Port 
A is 
operating 
in Mode 2, 
Port 
B 
cannot 
generate 
interrupt 
in 
the 
bit 
mode. 
Further, 
when the 
interrupt 
is 
used, 
the 
interrupt 
of a bit 
which is 
set 
for 
output 
is 
inhibited, 
a 
mask control 
register 
bit 
corresponding 
to 
that 
bit 
is 
set 
to 
1. 


3.4.1 
Status 
change 
flowchart 


The 
status 
change 
flowchart 
of PIO 
is shown 
in Fig. 
3.4 


COINCEDENCE 
IN 


N0 I~~:~~i~~ON> 


WRITE 
OF 
INTERRUPT 
VECTOR 


3.4.2 
Write 
cycle 
Write 
signal 
(*WR) 
is 
produced 
in 
the 
PIa 
by 
IORQ, 
RD, 
c/o 
and 
CE 


signals. 
At 
the system 
clock T2 
state, MPU 
changes 
the IORQ 
terminal 
to 
L 
level and 
starts 
the write 
cycle. 
At 
this 
time, 
in order 
to show 
the 


write 
eycle. 
Ml 
terminal needs 
to be H 
level. 
Furhter, 
signals 
are sent 


from MPU 
to 
the B/A- terminal 
and 
c/T5 
terminal 
of 
PIa, 
respectively, 
to 


designate 
selection 
of 
port, 
control 
signal 
or 
data. 
Thus, 
the 
data 


output 
register 
for the selected 
port of PIa can latch data at the system 
clock T3 
state. 
TW 
is the waiting 
state 
that 
is automatically 
added 
by 


MPU. 


3.4.3 
Readout 
cycle 
At 
the system 
clock 
T2 state, 
MPU 
sets 
the RD, 
CE 
and 
t6R~ 
terminals 
of 
the PIa at L 
level and starts 
the read 
cycle. 
At 
this 
time, 
in order 
to 
show 
the read 
cycle 
it is necessary 
to set 
the Hi 
terminal 
at H 
level. 
The 
PIa 
output 
data 
by CE, 
tOR"Q or RD 
signal. 
TW 
is 
the waiting 
state 
that is automatically 
added by MPU 


Tl 
T2 
TW 
T3 
Tl 


CLK 


C/D,B/A J 
X 


CE \ 
/ 


lORQ, 
\ 
/ 


RD 
\ 
/ 


Ml 
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8 


*RJj 
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3.4.4 
Mode 0 (Byte output mode) 
The output cycle 
in Mode 
0 starts when MPU 
executes 
an output command. 


When MPU executes the output command, a write signal (*WR) is produced in 
the 
PIO 
in 
the write 
cycle. 
Data 
on 
the data 
bus 
is 
latched 
by 
this 


signal 
in 
the 
data 
output 
register 
of 
the 
selected 
port. 
The 
RDY 


terminal becomes H level at the first fall of the system clock after 
the 
rise of the write 
signal 
(*WR). 
This 
indicates 
that data from the data 
output register is already on the port I/O terminal. 
The external device sets the RDY terminal to L 
level at 
the 
fall of 
the 


first 
system 
clock 
after 
the 
rise 
of 
the 
STB 
terminal 
through 
which 
information of receipt of this data is input to the PIa, 
and waits 
next 
output command. 
If 
it is the 
interrupt enabled 
state at this time, 
the 
INT 
terminal 
is 
set to L level at the rise of the STB terminal and the interrupt request 
signal 
is output 
to MPU. 
The 
timing 
chart 
of Mode 
0 
is shown 
in Fig. 


3.7. 


3.4.5 
Mode 
I (Byte input mode) 
The 
input cycle 
is started when MPU 
completed 
the preceding 
data 
read. 


The external device sets the STB terminal of the PIa to L level and loads 
data on the port I/O line. 


The RDYterminal 
becomes L level 
at 
the 
first 
fall 
of 
the 
system 
clock 
after 
the 
rise 
of the 
STB terminal 
to 
inhibit 
the 
external 
device 
to 
send 
out 
next 
data. 
If 
it 
is 
the 
interrupt 
enabled 
state 
at 
this 
time, 
the 
INT terminal 
is 


set 
to 
L level 
at 
the 
rise 
of 
the 
STB terminal 
and 
the 
interrupt 
is 


requested 
to MPU. 


When MPUexecutes 
the 
input 
command by 
the 
interrupt 
routine, 
the 
read 


signal 
(*RD) is 
produced 
in 
the 
PlO 
in 
the 
read 
cycle. 
This 
signal 


outputs 
data 
from the 
selected 
port 
data 
input 
register 
to 
the 
data 
bus, 


and MPUreceives 
this 
data. 
The RDY terminal 
becomes H level 
at 
the 
first 
fall 
of 
the 
system 
clock 
after 
the 
rise 
of 
the 
read 
signal 
(*RD) 


and next 
input 
is 
waited. 
The timing 
chart 
of 
Mode I 
is 
shown in 
Fig. 
3.8. 
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3.4.6 
Mode 2 (Byte input/output mode) 
Mode 
2 is an operation mode combining Mode 0 and Mode 
1. 
The 
timing of output operation 
is almost 
identical 
to 
that 
of 
Mode 
O. 


However, 
in Mode 
2 data 
is output 
only when 
the A5TB 
terminal 
is at L 


level while 
in Mode 
0, 
data 
is always 
output 
to 
the 
port 
input/output 


line. 
Externa1 devices can receive data at the rise 
0 f the A5TB 
signal 


using it as a latch signal. 
The timing of input operation 
is identical to that of Mode 
1. 


The handshake 
line of Port A is used for output control and the handshake 
line of Port B for input control. 
Further, the interrupt vector produced by the B5TB signal when Port A 
is 
in input operation 
and that produced when 
Port B 
is used 
in Mode 
3 will 


become the same value. 
For this reason Port B masks all bits by setting 


the mask control words so that the interrupt 
function is not used. 


3.4.7 
Mode 3 (Bit mode) 
In this mode, the handshake 
line is not used. 
Therefore, 
the normal port 
read/write 
can 
be performed 
and read 
and write 
of 
the 
port 
is possible 
any 
time. 
Write 
from 
MPU 
is 
latched 
in 
the 
data 
output 
register 
corresponding 
to a bit which 
is set for output at the same timing as that 
of Mode 
O. 
Except when Port A is used in Mode 
2, the ROY 
terminal 
of a 
port operating 
in Mode 
3 is fixed at L 
level and data being 
transferred 
is 
composed 
of 
two 
data 
of 
the 
data 
output 
register 
and 
data 
input 


register. 
That is, data in bits that are set for output and data in bits 
set for input are composed into one data. 


Interrupt 
is generated when 
the 
interrupt 
is enabled 
and 
bits 
that 
are 
set 
for input satisfy conditions 
specified 
by 
the mask 
control 
register 
and interrupt control register. 
However, when Port A operates 
in Mode 2, 
Port B is not capable of producing 
any 
interrupt 
in Bit Mode. 
Further, 


when 
the 
interrupt is used, 
in order 
to 
inhibit 
interrupt of a 
bit that 
is set for output, a mask 
register 
bit 
corresponding 
to that bit 
is set 


to 1. 
An 
interrupt request 
is 


condition becomes 
true. 
true immediately before 


generated 
at 
the point of 
time when 
the logical 


In addition, when 
the logical condition 
becomes 


the Ml terminal becomes L level or the Ml 


terminal is at L 
level, an interrupt 
is generated 
at 
the rise of 
the Ml 


terminal. 


\-----:f 


\~-~/ 
\~-~/ 


3.4.8 
Interrupt acknowledge cycle 
At the same time INT signal set to L level, the PIO sets the IEO terminal 
at L level to inhibit interrupt request from lower priority order LSI. 
When receiving 
the interrupt request 
signal (INT) from the PIO, MPU 
sets 


the 
Ml 
and 
~ 
terminals 
of 
the 
PIO 
at 
L 
level 
as 
the 
interrupt 


acknowledge 
signal. 
The IORQ 
terminal becomes 
L 
level later than the M1 


terminal by 
2.5 
system 
clocks. 
In 
order 
to 
stabilize 
the 
daisy 
chain 


connected 
signal lines, lEI and IEO signals, the ports and peripheral LSI 


cannot change interrupt requests during 
interrupt acknowledge 
cycle. 


The 
RD 
terminal 
is 
kept 
at 
H 
level 
to 
distinguish 
the 
interrupt 


acknowledge 
cycle 
from 
the command 
fetch 
cycle. 
If 
the 
IORQ 
terminal 


becomes L level when 
the lEI terminal is at H 
level, interrupt vector 
is 


output to the data bus from the port requesting the interrupt 
At 
this time, 2 system 
clocks 
are 
automatically 
inserted 
by 
MPU 
as 
the 


waiting 
state to keep stability of the daisy chain connect. 


3.4.9 
Return from the interrupt cycle 
Return 
from 
the 
interrupt 
is effected 
when MPU 
executes 
RETI 
command. 


This RETI command must 
be used at 
the 
last 
instruction of 
the 
interrupt 
routine. 
The execution 
of this RETI 
command 
by MPU 
returns 
the lEI and 
lED terminals of the PIO to the state before interrupt. 


RETI command is a two byte command and its code is EDH and 4DH. 
The PIO 
decodes 
the 
codes 
of 
RETI 
connnand and des ides a 
port 
which 
makes 
next 
interruption request. 
In the daisy chain structure, at the point of time 
when 
the command 
code EDH 
is decoded, 
the 
lEI 
terminal 
of 
a 
peripheral 
LSI making 
the 
interrupt 
is kept 
at H 
level 
and 
the 
lED 
terminal 
at L 


level. 
If the 
code 
following 
EDH 
is 4DH, 
an LSI 
that 
transmitted 
the 
interrupt immediately before the decoding, that is, only the LSI with 
lEI 


terminal 
at H 
level 
and 
lED 
terminal 
at 
L 
level 
is 
returned 
from 
the 


interrupt. 
As 
a 
result, 
the 
interrupt 
process 
of 
a 
lower 
priority 


peripheral LSI was 
suspended. 


TOSHIBA 


T2 
T3 
T4 
Tl 
T2 
T3 
T4 
Tl 


CLK 


IiI \ 
/ 
\ 
/ 


!ill \ 
/ 
\ 
/ 


DATA 
BUS 
~ 
@:) 
---------, 
I 
___ ------_-1 
--------_/ 


3.5 
Operating 
procedures 
To 
operate 
the 
PIO 
it 
is 
necessary 
to 
write 
several 
control 
registers 
into 
the PIO 
for 
initialization. 


On 
a 
system 
with 
the 
C/O 
terminal 
connected 
to 
the 
Address 
AO 
and 
B/A 


terminal 
connected 
to 
Address 
Al, 
the 
write 
is 
performed 
separated 
for 


Port 
A and 
B. 


B/A 
(At) 
C/O 
(AO) 
CE 
Register 
Select 
0 
0 
0 
PORTA 
DATA 
REGISTER. 
0 
1 
0 
PORTA 
CONTROL 
REGISTERS 
1 
0 
0 
PORTH 
DATA 
REGISTER. 
1 
1 
0 
PORTB 
CONTROL 
REGISTERS 


x 
x 
1 


07 I 06 
I 


05 I 04 I 03 I 02 
I 
I 
I 


I I 
I 
----------- '-> Denotes 
the 
interrupt 
vector 


words 
_____________ 
> Interrupt 
vectors 
given 
by 


user 


o 
MPU 
generates 
the 
start 
address 
of 
the 
interrupt 
processing 
routine 
by 
this 
vector 
and 
the 
content 
of 
address 
shown 
by 
the 
control 
of 
I 
regis ter 
0 f MPU. 


o 
01 
to 07 
are written 
into 
the 
interrupt 
vector 
register. 
o 
If no 
interrupt 
is used, 
the 
interrupt 
vector 
words 
are 
not 
required. 


D7 I D6 
, 
D5 I D4 
I 


---,- 
---,-- 
Denotes 
the mode control 


" 
--------------) 
words 
I 
I 
Not used. 
I 
---------------------------> 
(Either 0 or 1 wi 11 do) 


I 
,- D7=0, D6=0 
Mode 0 


,------------------>, 
D7=0, D6=1 
Mode 
1 
, D7=1, D6=0 
Mode 2 


I_D7=1, D6=1 
Mode 3 
o 
Designates 
operation modes. 
o 
D7 and D6 are written 
into the mode control register. 


D7 
I 
D6 
I 
D5 
' D4 
' D3 
I 
D2 
' Dl 
I' DO 
I 
, 
I 
I 
I 
, 


__________________ 
> '-0 
for output 


'_I 
for input 


o 
Required only for Mode 3 


o 
When Mode 
3 
is designated 
by mode 
control 
register, 
write 
following 
a 


mode control register. 


o 
Designates each termnal of the port for output or input. 


o 
DO to D7 are written 
into the data input/output register. 


D6 I D5 


_______ 
> Den?tes 
the interrupt vector 


register. 


_________________ 
>'-0 
Mask word follows. 
'_I 
Mask word follows. 


'-0 
Generate 
interrupt when 


________________ 
> I 
the input line is at L level. 


, 
Generate 
interrupt when 
I 
the input line is at H 
level. 


'0 
Generate 
interrupt at 
------------------>, 
logical condition 
"OR". 


I 
Generate 
interrupt at 


I 
logical condition "AND". 


____________________ 
>1-0 
Disable 
interrupt request 


1_1 
Enable 
interrupt request 


o 
Set the interrupt generating conditions. 
o 
D4, D5 and D6 are used only in Mode 3. 
o 
If D6 is set at 0 
(D6=0), 
interrupt 
is generated when 
anyone 
bit 
that 
is not masked 
(monitored) by the mask control register become active. 
o 
If D6 is set at 1 (D6=1), interrupt is generated when all bits that are 
not masked 
(monitored) by the mask control register become active. 


o 
If 
D4=1, 
all 
bits 
which 
are 
pending 
will 
be 
reset 
in 
any 
operation 
mode. 


o 
D5 and D6 are written 
into the interruption control register. 


D5 I D4 I D3 
D2 I Dl 


o 
Monitored 
for inter- 


rupt 
Non monitered 
for 


interrupt 


o 
Required only for Mode 3 


o 
If D4 
is set at 
1 (D4=1) by 
the 
interrupt 
control 
register, 
the mask 


control word 
is written 
following the interrupt control register. 


o 
If a bit is set at 0, the corresponding 
input line is monitored. 
o 
If a bit is set at 1, the corresponding 
input line is not monitored. 
o 
The 
PIO 
checks 
only 
the 
input 
line 
which 
has 
0 
data 
and 
requests 


interrupt if the interrupt gener'ation condition 
is satisfied. 


o 
DO to D7 are written 
into the mask control register. 


Since four handshake 
control 
lines are all used in setting Port A in Mode 
2, it is necessary 
to set Port B in Mode 3 in which 
the handshake 
control 


line is not used. 
In 
this case, 
all bits 
should be masked 
by 
the mask 
control register 
(all bits are set at 1). 


(Note) It 
is possible 
to set 
only 
generation 
of 
interrupt 
by 
the 
control 
word shown below. 


D5 I D4 
I 


_____________) Denotes a control register 


that sets enable/disable 
interrupt 


________________________________) Not used (Either 0 or 1 will 
do) • 
1-0 
Disable 
interrupt 
___________________ 
) I 
I 
Enable interrupt 


3.6 
Method 
of use 
A programming 
example 
to oeprate 
Port 
A of 
the PIa 
in Mode 
3 is presented 


here. 
After 
this 
program, 
the main 
routine 
and 
the 
interrupt 
processing 
routine 
are 
programmed. 


o 
MPU 
is used 
for 
interrupt 
in Mode 
2. 
o 
The 
table 
in which 
the 
start 
address 
of 
the 
interrupt 
routine 
is stored 
is 0802H. 
o 
Interrupt 
is generated 
when 
both 
the 
port 
input 
line 
A6 
and 
AS 
of 
the 
PIa 
become 
H 
level. 


o 
When 
the 
address 
buses 
A2 
to 
A7 
are 
all 
at 
0 
level, 
this 
PIa 
is 
selected 
and 
the 
CE 
terminal 
becomes 
L 
level. 
Therefore 
the 
control 
word 
address 
for Port 
A 
is OlH. 


MPU 
PIO 
EXTERNAL 
DEVICE 


DO - D7 
DO - D7 
AO 


Al 


AO 
C/o 
A2 
Al 
B/A 
A3 


A4 


A2 -A7 


ADDRESS 
A5 


DECODER 
A6 


A7 


INT 
INT 


ORG 
lOOH 


LD 
SP,lOOH 
1M 
2 
LD 
A,08H 
LD 
I,A 


LD 
A,02H 
OUT 
(OlH) ,A 
LD 
A,OCFH 


OUT 
(OlH) ,A 
LD 
A,62H 


OUT 
(OlH) ,A 
LD 
A,F7H 
OUT 
(OlH),A 
LD 
A,9FH 
OUT 
(OlH) ,A 


EI 


Setting 
of 
the 
stack 
pointer 


Set MPU 
to Interrupt 
Mode 
2. 


Write 
to MPU 
I register 


Write 
to interrupt 
vector 
register 


Write 
to mode 
control 
register 


Write 
to data 
I/O 
control 
register 


Write 
to interrupt 
control 
register 


Write 
to mask 
control 
register 


Symbol 
1 
Item 
I 
Rating 
I 
Unit 
I 


I 
vcc 
I 
Supply 
Voltage 
I 
-0.5 
to +7 
1 
V 
1 
1----------1-----------------------------------1--------------------1------1 


1 
VIN 
I 
Input 
Voltage 
1 
-0.5 
to Vcc 
+ 0.3 
1 
V 
1 


1----------1-----------------------------------1--------------------1------1 


I 
PD 
1 
Power 
Dissipation 
(TA=85°C) 
I 
250 
1 
mW 
1 
1----------1-----------------------------------1--------------------1------1 


1 
TSOLDER 
1 
Soldering 
Temperature 
(10 
sec) 
1 
260 
I'c 
1 
1----------1-----------------------------------1--------------------1------1 


1 
Tstg 
1 
Storage 
Temperature 
1 
-65 
to 
150 
I'C 
1 
1----------1-----------------------------------1--------------------1------1 


1 
Topr 
1 
Operating 
Temperature 
1 
-40 
to 
85 
I 
·c 
1 


TA 
-400C 
to 850C, 
VCC 
5V + 
10%, 
VSS 
= 
OV 


SYMBOL 
ITEM 
TEST 
CONDITION 
1 
MIN. 
TYP.I 
MAX. 
IUNITI 
VILC 
Low 
Clock 
Input 
1 
-0.3 
1 
0.6 
V 
1 
Voltage 
1 
1 
1 
VIHC 
High 
Clock 
Input 
VCC-0.6 
IVCC+0.3 
V 
I 
Voltage 
1 
I 
VIL 
Low 
Input 
Voltage 
-0.5 
I 
0.8 
V 
I 


(Except 
CLK) 
I 
1 
VIH 
High 
Input 
Voltage 
2.2 
VCC 
V 
1 
(Except 
CLK) 
1 
VOL 
Output 
Low 
Voltage 
IOL 
2.0mA 
0.4 
V 
1 
1 
VOHI 
Output 
High 
Voltage 
IOH 
-1.6mA 
2.4 
V 
1 
(1) 
1 
VOH2 
Output 
High 
Voltage 
IOH 
-25011A 
VCC-0.8 
V 
I 
(II ) 
1 


ILl 
Input 
Leak 
Current 
VSS~ 
VIN~ 
VCC 
±10 
llA I 


I 
I 
ILO 
3-state 
output 
VSS 
+ 0.4~ 
VOUTI 
1 
current 
at 
floating 
S VCC 
I 
±10 
llA 1 
Supply 
Current 
VCC=5V, CLK=4MHzI 
1 


ICC1 
(at time 
of opera- 
VLLC=VIL=0.2V 
I 
I 
1 
2 
I 
5 
mA 
1 
tion) 
VIHC=VIH=VCC- 
0.2V 
1 
1 
1 
Supply 
Current 
VCC=5V,CLK=VILCI 
I 
I 


ICC2 
VIH=VIHC=VCC- 
I 
I 
1 


(at time 
of 
stand- 
0.2V 
I 
I 0.51 
10 
)lA 
1 
by) 
VILC=VIL=0.2V 
I 
I 
I 
1 
IOHD* 
Darlington 
Drive 
VOH=1.5V 
I 
I 
I 
1 
Current 
REXT=1.1Kn 
I 
-1.5 
1 - 
I 
-5.0 
mA 
1 


TOSHIBA 
TMPZ84C20P 


4.3 
AC 
Electrical 
Charactreistics 


At 
time 
of 
operation 
4MHz 


TA 
-40·C 
to 85·C, 
VCC 
= 
5V 
± 
10%, 
VSS 
OV 
(*) : TEST 
CONDITION 


NO. 
SYMBOL 
ITEM 
I 
(*) 
IMIN.ITYP.IMAX. 
UNIT 


1 
TcC 
Clock 
cycle 
time 
I 
250 
- 
DC 
ns 


2 
TwCh 
High 
clock 
pulse 
width 
I 
105 
- 
DC 
ns 


3 
TwCl 
Low 
clock 
pulse 
width 
I 
105 
DC 
ns 
4 
TfC 
Clock 
falling 
time 
I 
30 
ns 


5 
TrC 
Clock 
rising 
time 
1 
30 
ns 
I 


6 
TsCS(RI) 
CE, 
B/A 
and 
C/D 
Set-up 
I 
50 
ns 


time 
for 
RD , IORQ 
I 
*7 
Th 
Hold 
time 
I 
40 
ns 
1 


8 
TsRI (C) 
RD, 
IORQ 
set-up 
time 
for 
I 
115 
ns 


clock 
rise 
I 
1 


9 
TdRI(DO) 
Delay 
from 
RD, 
IORQ 
fall 
1 
380 
ns 


to data 
output 
I 
I 
I 


10 
TdRI(DOs) 
Delay 
from 
RD, 
IORQ 
rise 
I 
1110 
ns 


to data 
float 
1 
I 


11 
TsDI(C) 
Data 
set-up 
time 
for 
1 
50 
- 
1 
ns 


clock 
rise 
I 
I 


I 
I 
12 
TdlO(DOI) 
Delay 
from 
IORQ 
fall 
of 
I 
- 
1160 
ns 


INTA 
cycle 
to data 
outputl 
I 
1 
I 


13 
TsMl(Cr) 
Ml=L 
set-up 
time 
for 
ICL= 
90 
- 
1 
ns 


clock 
rise 
IIOOpF I 
I 


I 
I 
I 
I 
14 
TsMl (cf) 
Ml=H 
set-up 
time 
for 
I 
I 
01 
- 
1 
ns 
clock 
fall 
(Ml 
cycle) 
I 
I 
I 
I 
I 
1 


15 
TdMl(IEO) 
Delay 
from 
Ml 
fall 
to 
I - 
I - 
1190 
ns 


IEO 
fall 
I 
I 
I (1) 


1 
I 


16 
TsIEI(lO) 
lEI 
set-up 
time 
for 
IORQ 
1 1401 
ns 


fall 
(INTA 
cycle) 
I 
1 


17 
TdIEI(IEOf) 
Delay 
from 
lEI 
fall 
to 
I - 
I 
130 
ns 


IEO 
fall 
I 
1 
I 


Delay 
from 
lEI 
rise 
to 
I 
I 
160 
1 ns 


18 
TdIEI(IEOr) 
IEO 
rise 
I 
1 
I 


I 
I 
I 


19 
TclO(C) 
IORQ=H 
set-up 
time 
for 
I 
2001 
I ns 
clock 
fall 
I 
1 
I 
20 
TdC(RDYr) 
Delay 
from 
clock 
fall 
to 
1 - 
1 
190 
I ns 


READY 
rise 
I 
I 
1 


21 
TdC(RDYf) 
Delay 
from 
clock 
fall 
to 
1 - 
1 - 
1140 
I ns 


READY 
fall 
I 
I 
I 
I 
I 
1501 
1 
1 


22 
TwSTB( C)) 
STROBE 
pulse 
width 
I (2) 1 - I 
- I 
ns 


MPUZ80-218 


TMPZ84C20P 


ITEM 
1 (*) IMIN.ITYP. 
MAX.luNITI 


I 
I 
I 
Set-up 
time 
of 
STROBE 
I 
I 
2201 
ns 


rise 
for 
clock 
fall 
1 
1 
1 


(in 
case 
of 
making 
READY 1 
I 
1 


to 
active 
by 
next 
cycle) 
1 
1 
1 
1 
1 
1 


Delay 
from 
IORQ 
rise 
to 
I 
1 - 
1 
180 
ns 


port 
data 
stable 
1 
1 
1 


(Mode 
0) 
1 
I 


Data 
set-up 
time 
for 
I 
1 230 
ns 


STROBE 
rise 
I 
I 
(Mode 
1) 
ICL= 
I 


Output 
data 
delay 
time 
1 
1 
210 
ns 
from 
STROBE 
fall 
IlOOpF 1 


(Mode 
2) 
I 
I 


I 
1 


Delay 
from 
STROBE 
rise 
1 
1 
180 
ns 


to 
data 
float 
1 
I 
(Mode 
2) 
I 
I 
Delay 
from 
port 
~ata 
I 
I - 
1 - 
1490 
ns 
match 
to 
INT 
fall 
1 
I 
1 
1 
(Mode 
3) 
I 
I 
1 
1 


1 
I 
I 
1 
Del~from 
STROBE 
rise 
1 
1 
1 
1440 
ns 


to 
INT 
fall 
1 
1 
1 
I 
(Mode 
2) 
I 
1 
1 
1 


24 
TdIO(PD) 


25 
TsPD(STB) 


26 
TdSTB(PD) 


27 
TdSTB(PDr) 


28 
TdPD(INT) 


29 
TdSTB(INT) 


Note 
1 
Item 
with * mark 
(No.7) 
is not 
compatible 
with 
NMOS 
Z80 
PIO. 


Note 
2 
(1) 
If 
the 
daisy 
chain 
is 
at 
N 
stage, 
2.5 
TcC>(N-2)TdIEI(IEOf)+(TdMl(IEO)+TsIEI(IO)+TTL 
buffer 
delay 


must 
be 
satisfied. 
(2) 
In 
Mode 
2, 
TwSTB>TsPD(STB) 
must 
be 
satified. 


(3) 
AC 
test 
condition: 
Input 
- VIH=2,4V, 
VIHC=VCC-0.6V, 
VIL=0.4V, 


VILC=0.6v 
Output 
- VOH=2.2V, 
VOL=0.8v 


SYMBOL 
I 
ITEM 
I 
TEST 
CONDITION 
IMIN.ITYP.IMAX.luNITI 


C CLOCK I 
Clock 
Input 
I 
f=lMHz 
1 - 
I 
- 
I 
5 I 
pF 
1 
1 Capacitance 
I All 
terminals 
except 
that 
I 
1 
1 
I 
1 


CIN 
I 
Input 
Capacitance 
I 
to be 
measured 
should 
be 
1 - I 
- 
1 
5 I 
pF 
1 


COUT 
IOutput 
Capacitance 
1 earthed. 
I 
- I 
- I 
10 
I pF 
I 


4.5 
Timing diagram 
Numbers shown in 
the 
following 
figures 
correspond 
with 
those 
in 
the 
4.3 
A.C. Electrical 
Characteristics 
Table. 


DO _ 
D 
7 {OUT 


IN 


READY 
(ARDY OR BRDY) 


STROBE 
(ASTB 
OR BSTB) 


Note 1. 
This 
dimension 
is measured 
at 
the 
center 
of bending 
point 
of 


leads. 


Note 
2. 
Each 
lead 
pitch 
is 2.54mm, 
and 
all 
the 
leads 
are 
located 
within 
±O.25mm 
from 
their 
theoretical 
positions 
with 
respect 
to No.1 
and 
No.40 
leads. 


The TMPZ84C20F 
(hereinafter referred to 


packed 
in 
a 
44-pin 
mini-flat 
package 
TMPZ84C20P 
(DIP 
package 
product) 


characteristics 
as follows. 


o 
Storage temperature (TSTG) 
-SS'C to + 
l2S'C 
The 
PIa 
is a 
general 
purpose 
parallel 
input/output 
port 
device 
with 
two 


programmable 
8-bit ports. 
The PIa also has the built-in handshake circuit 
Daisy-chain 
strucure 
interrupt 
control 
circuit. 
The 
TMPz80C20F 
is 


fabricated using Toshiba's 
CMOS Silicon Gate Technology, 


as PIa) is CMOS version of Z80 PIa 
with 
the 
same 
functions 
as 
the 


but 
the 
different 
electrical 


The principal 
functions and features of the TMPZ84C20Z 
are as follows. 


(1) 
Compatible with the Zilog z80 PIa. 


(2) 
Low power consumption 
2mA Typ. (SV 4MHz) 
lO~A Max. 
(SV, at stand-by) 


(3) 
DC to 4MHz operation 


(4) 
Single SV power supply 
(S) 
Operating 
temperature 


-40'C 
to 8S'c 


(6) 
2 programmable 
independent 8-bit input/output ports 
(7) 
The following 4 modes are selectable 
in operation: 


o 
Byte Input Mode 
Programmable handshake 


o 
Byte Output Mode 
Programmable handshake 


o 
Bidirectional 
Mode (Port 'A only) Programmable handshake 
o 
Bit I/O Mode 


(8) 
Built-in 
interrupt control circuit 
in daisy-chain 
structure 
(9) 
Molded 
in 44-pin mini-flat 
package 


2.1 
Pin 
connections 


The 
pin 
connections 
of 
the TMPZ84C20F 
are 
as 
shown 
in Fig. 
2.1. 


AQ 
Al 
A2 
A3 
VSS(OND) 
NC 
A4 
A5 
A6 
A7 
B/A 


2.2 
Pin names 
and 
functions 


Refer 
to "2.2 
Pin 
names 
and 
functions" 
in TMPZ84C20P 
for pin 
functions. 


Refer 
to 
"Description 
of 
Operation" 
in 
TMPZ84C20P for 
description 
of 
operation 
of 
PIO. 


1 
Symbol 


1 
VCC 
1---------- 
I 
VIN 
1---------- 
I 
PD 


1---------- 
I 
TSOLDER 


1---------- 


1 
TSTG 


1---------- 


1 
TOPR 


Item 
Supply 
Voltage 


Rating 
I Unit 
I 


-0.5'to 
+7 
I 
V 
1 


--------------------1------1 


-0.5 
to Vcc 
+ 0.5 
1 
V 
1 


--------------------1------ 


250 
1 
mW 


--------------------1------ 
260 
I· 
C 


--------------------1------1 


-55 
to 125 
I·c 
I 


--------------------1------1 


-40 to 
85 
1 
·C 
1 


4.2 
DC Electrical 
characteristics 
Refer 
to 
"4.2 
DC 
Electrical 
charac teris tics 
II 
in 
TMPz84C20P 
for 
DC 
electrical 
characteristics. 


4.3 
AC Electrical 
characteristics 
Refer 
to 
"4.3 
AC 
Electrical 
characteristics 


ll 
in 
TMPZ84C20P 
for 
AC 
electrical 
characteristics. 


4.4 
Capacitance 
Refer 
to "4.4 
Capacitance" 
in TMPZ84C20P 
for 
capacitance. 


4.5 
Timing 
diagram 
Refer 
to "4.5 
Timing 
diagram" 
in TMPZ84C20P 
for 
timing 
diagram. 


r 
Ilit°8(Pit~ 


The TMPZ84C30P 
(hereinafter referred to as CTC) is CMOS version of z80 CTC 
and has been designed 
to provide low power operation. 
The TMPZ84C30P 
is fabricated using Toshiba's CMOS Silicon Gate Technology. 


principal 
functions and features of the CTCs are as follows. 


Compatible with the Zilog Z80 CTC. 
Low power consumption 
3mA 
3mA (5V 4MHz, at operation) 
Operates 
at 4 MHz high speed clock. 
(at 5V ± 
10%) 
28-pin DIP package. 
Signle 5V power supply and single-phase clock. 
All 
input/output are TTL compatible. 
Capable of driving Darlington 
transistors. 
Four 
independent 
countor/timer 
channels 
each 
of which 
is capable 
of 
independently selecting Timer Mode and Counter Mode. 
Each channel 
is provided with a prescaler 
to divide system clock into 
16 or 256. 
Built-in 
interrupt control 
logical operation 
circuit 
allows 
priority 


processing 
of 
interrupt 
in 
Daisy-chain 
structrure 
and 
automatic 
loading of 8 bit 
interrupt vector on the system bus. 
Four 
channels 
occupy 
4 
successive 
positions 
in 
the 
Daisy-chain 
structure. 
Most 
significant 
channel 
is 
Channel 
0 
and 
least 
significant channel 
is Channel 3. 
In both modes, 
at 
the zero count, 
the content 
of 
the 
time 
constant 
register is automatically 
loaded on the down counter. 
In 
either 
Counter 
Moder 
or 
Timer 
Mode, 
the 
content 
of 
the 
down 
counter 
is readable by the microporcessor 
(hereinafter referred 
to as 


MPU). 
Interrupt 
function available 
in Z80 MPU Mode 2. 
In Timer Mode, 
the timer operation 
is selectable 
at the rise or fall 
of the starting 
trigger. 
In addition, 
in Counter Mode 
the decrement 


(-1) of the content of the down counter either at the rise or fall of 
external clock is selectable. 
Programming 
to generate 
interrupt by 
zero count by 
the down 
counter 
in each channel 
is possible. 


(14) 
(15) 


2.1 
Pin 
connections 
The 
pin 
connections 
of 
the CTC 
are 
as 
shown 
in Fig. 
2.1. 


D4 
D3 


D5 
D2 


D6 
Dl 


D'1 
DO 


Vss 
VCC 
iID 
CLK/TRGO 


ZC/TOO 
CLK/TRGl 


ZC/TOl 
CLK/TRG2 


ZC/T02 
CLK/TRG3 


IORQ. 
CSl 


IEO 
CSO 


INT 
REsET 


lEI 
BE 
MI 
CLK 


2.2 
Pin 
names 
and 
functions 
I/O 
pin 
names 
and 
functions 
are 
as 
shown 
in Table 
2.1. 


Pin 
Name 
1 Number 
Input/Output 
I 
lof Pin 
3-state 
I 
DO - D7 
I 
8 
I/O 
I 


1 
3-state 
I 
I 
1 
RD 
I 
Input 
1 


1 
1 


1 
I 


ZC/TOO 
1 
Output 
I 
I 
I 
ZC/T02 
1 
I 


,v. 
I 
IORQ 
I 
I 
I 
I 
IEO 
I 
I 


I 
I 


CLK 
I 
I 
I 
I 
I 
I 
CE 
I 
I 
I 
I 
I 
I 
RESET 
I 
I 
I 
I 
I 
I 
CSO 
- cSll 
I 
I 
I 


.I..LH 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I/O 
request 
signal. 
This 
signal 
is used 
in combine 
with 
RD and 


CE 
signals 
for 
transfer 
of data 
and 
channel 
control 
words 
between 
MPU 
and 
CTC. 
Interruption 
enable 
output. 


Controls 
interruptions 
by 
subordinate 
peri- 
pheral 
LSI's 
in the Daisy-chain 
structure. 


This 
terminal 
becomes 
H 
level 
only 
when 
the 


lEI 
terminal 
is at H 
level 
and MPU 
is not 


providing 
the 
interruption 
service 
to chan- 
nels 
in CTC. 
Interruption 
request. 
This 
terminal 
becomes 
L 
level 
if a down- 
counter 
for 
any 
channel 
in CTC 
counts 
zero 


when 
the 
lEI 
terminal 
is at H 
level 
and 
interruption 
is authorized 
by 
a program. 


Interruption 
enable 
input. 


This 
terminal 
indicates 
presence 
of 
inter- 
ruption 
by 
a host 
peripheral 
LSI. 
Machine 
cyc Ie 1. 
Informs 
the machine 
cY£le 
from MPU. 
In 


combination 
with 
the 
ROD 
signal, 
indicates 


that 
MPU 
fetches 
commands 
from 
the memory, 


and 
in combination 
with 
the 
IORQ 
signal, 


indicates 
that MPU 
is in the 
interruption 
acknowledge 
cycle. 
This 
terminal 
is used, 


in combination 
with 
the 
IORQ 
signal, 
to send 


the 
interruption 
vector 
to MPU. 
I 
Single-phase 
clock 
input. 
I 
Single-phase 
280 
standard 
system 
clock 
is 
I 
inputted 
to this 
terminal. 
When 
this 
CLK 
I 
terminal 
is in the DC 
state 
(high 
or 
low 
I 
level), 
the CTC 
is placed 
in the 
stationary 
I 
state. 
I 
Chip 
enable. 
I 
Used 
to write 
MPU-CTC 
channel 
control 
word, 
I 
interruption 
vector, 
and 
time 
constant 
or 


to read 
the content 
of a downcounter 
for 


each 
channel 
in combination 
with 
the 
IORQ 


and in terminals. 
Reset 
signal. 
When 
the reset 
signal 
is inputted 
to this 


terminal, 
all 
channels 
stop 
to operate 
and 


interruption 
enable 
bits 
in all 
channel 
control 
registers 
are 
reset. 
This 
RESET 
terminal 
must 
be kept 
at L 
level 
for 
at 
least 
3 system 
clocks. 
Channel 
selection. 
Anyone 
of 
four 
channels 
of 
the CTC 
is 
selected 
by 
2-bit 
code 
at 
time 
of 
read/ 


write. 


Pin 
Name 
I Number I Input/Output I 
Function 


lof Pin! 
3-state 
I 
I' 
, External 
clock/timer 
trigger. 


CLK/TRGO! 
4 
I 
Input 
I There 
are 4 CLK/TRG 
terminals 
correrespond- 
I' 
I ing to 4 channels. 
At 
the 
leading 
or 


CLK/TRG3 
'I 
I trailing 
edge 
of 
active 
signals 
which 
are 


'I 
I inputted 
through 
these 
terminals, 
the 
con- 
I 
I 
, tent 
of down 
counter 
is decremented 
(-1) 
in 
I 
I 
I Counter 
Mode, 
while 
the 
timer 
operation 
is 
I 
I 
, started 
in Timer 
Mode. 
Active 
leading 
edge 
'I 
I or 
trailing 
edge 
is selectable. 


'I 
I 


Vcc 
I 
'Power 
Supply! 
+SV 


I 
I 
I 
I 
I 
I 


Vss 
I 
IPower 
Supply! 
OV 
I 
I 
I 


3.1 
Block diagram 
The block diagram of CTC is shown in Fig. 3.1. 


3.2 
System configuration 
The 
system 
configuration 
of 
CTC 
consists 
of 
four 
logical 
operation 


circuits as below. 
(1) 
MPU Bus Input/Output Logical Operation Circuit 
(2) 
Channel Control Logic 
(3) 
Interruption Control Logical Operation Circuit 


(4) 
4 Independent Counter/Timer 
Channel Logical Circuit 


3.2.1 
MPU bus input/output logical operaton circuit 


This 
is a circuit 
for connecting CTC 
to MPU. 
This circuit 
connects 
GTC 


directly 
to MPU 
without 
using 
other 
external 
circuit. 
However, 
if 
a 
system becomes large, it becomes necessary to provided an address decoder 
and a line buffer. 


3.2.2 
Internal control logical operation circuit 
This 
circuit 
controls 
the overall chip operation 
function like the chip 


enable, reset and read/write circuit. 


3.2.3 
Interruption 
control 
logical operation 
circuit 
This 
circuit 
performs 
processes 
of 
MPU 
relative 
to 
interruption 
such 
as 


decision 
of priority, 
etc. 
Priority 
of 
peripheral 
LSI's 
is 
decided 
according 
to 
their 
physical 


locations 
in the Daisy-chain 
connection. 


3.2.4 
Counter/timer 
channel 
logical 
operation 
circuit 
This 
counter/timer 
channel 
logical 
operation 
circuit 
consists 
of 
the 


following 
two 
registers 
and 
two 
counters. 
The 
figures 
shown 
in 


parentheses 
is number 
of 
bits. 
The 
configuration 
of 
this 
counterltimer 
channel 
logical operation 
circuit 
is shown 
in Fig. 3.2. 


o 
Time 
constant 
register 
(8-bit) 


o 
Channel 
control 
register 
(8-bit) 


o 
Downcounter 
(8-bit) 


o 
Prescaler 
(8-bit) 


CHANNEL 
CONTROL 
TIME 
CONSTANT 


REGISTER(S 
BITS) 
REGISTER(S 
BITS) 


1 


INTERNAL 
BUS 


TEM 
CLOCK 
PRESCALER 
DOWN 
COUNTER 
ZC/T 
(s 
BITS) 
(s 
BITS) 


t 


CLK/TRG 


Fig. 3.2 
Counter/Timer 
Channel 
Logical 
Circuit 


(1) 
Timer 
constant 
register 


This 
register 
retains 
time 
constants 
that 
are 
written 
into 
the 
down- 
counter. 
When 
the 
CTC 
is 
initialized 
or 
the 
downcounter 
counts 
zero, 


time 
constants 
are 
loaded 
on 
the 
downcounter. 
Time 
constants 
are 
set 
immediately 
after 
MPU 
writes 
channel 
control 
word 
into 
the 
channel 
control 
register. 
Time 
constants 
that 
can 
be 
set 
are 
integers 
ranging 


from 1 to 256. 


(2) 
Channel 
control 
register 
This 
register 
selects 
channel modes 
and conditions 
by the channel 
control 


word 
provided 
from MPU. 


ClHV 
.•...•..;;) 
•..•VU .•..CU .•.. 
..L;;) 
VC •...l.CUICUL.CU 
\-~I 
dL. 
~Vt:L'y 
t:U~t::: 
UJ,. 
~X.Lt::r-llC:l1. 
CLOCK 
~n 
case 
of 
Counter 
Mode 
and 
for 
every 
clock 
output 
of 
the 
prescaler 
in 
case 
of 
Timer 
Mode. 
The 
content 
of 
the 
time 
constant 
registger 
is 
loaded 
at 


time 
of 
initialization 
and 
when 
the 
down counter 
counts 
zero. 


The 
content 
of 
the 
downcounter 
can 
be 
read 
out 
anytime. 
In 
addition, 
it 
is 
also 
possible 
to 
program 
so 
as 
to 
generate 
an 
interruption 
request 
every 
time 
when 
the 
downcounter 
counts 
zero. 


(4) 
Prescaler 
The 
prescaler 
is 
used 
only 
in 
Timer 
Mode 
and 
divides 
the 
system 
clock 
into 
1/16 
or 
1/256. 
Whether 
the 
system 
clock 
is 
to 
be 
divided 
into 
16 or 
256 
is 
programmed 
by 
the 
channel 
control 
word. 
Further, 
output 
of 
the 


prescaler 
becomes 
clock 
input 
to 
the 
downcounter. 


3.3.1 
Reset 


After 
power 
ON, 
the 
CTC is 
in 
the 
unstable 
state. 
To 
stabilize 
the 
CTC, 
apply 
a 
signal 
of 
L 
level 
to 
the 
RESET terminal. 
Before 
starting 
any 
channel 
in 
Counter 
Mode 
or 
Timer 
Mode, 
it 
is 
necessary 
to 
write 
the 
channel 
control 
word 
and 
time 
constant 
data 
into 
the 
registers 
for 
the 
channel 
to 
be 
started. 
In 
addition, 
to 
make 
a 
programming 
to 
enable 
interruption, 
it 
is 
necessary 
to 
write 
the 
interruption 
vector 
words 
into 


the 
interruption 
control 
circuit. 
When 
these 
data 
are 
written 
into 
the 
CTC, 
it 
becomes 
ready 
to 
start. 


3.3.2 
Interruption 
The 
CTC is 
capable 
of 
producing 
the 
interruption 
while 
MPU is 
operating 
in 
Mode 
2. 


The 
interrupt 
ion 
by 
the 
CTC can 
be 
programmed 
for 
each 
channel 
and 
the 


interruption 
request 
signal 
(INT) 
is 
output 
every 
time 
when 
the 


down counter 
of 
each 
channel 
counts 
zero. 
When 
MPU 
accepts 
the 
interruption 
request 
from 
the 
CTC, 
the 
CTC 
outputs 
the 
interruption 
vector. 
Based 
on 
this 
interruption 
vector, 
MPU designates 
the 
top 
address 
of 
the 
interruption 
processing 
routine 
and 
MPU 
starts 
the 


interruption 
process 
by 
calling 
this 
interruption 
processing 
routine. 


Since 
MPU des ignates 
the 
top 
address 
of 
the 
interrupt 
ion 
process 
ing 


routine 
by 
the 
interruption 
vector 
received 
from 
the 
CTC, 
users 
can 
call 
optional 
address 
by 
changeing 
this 
vector 
value. 


The 
interruption 
process 
is 
ended 
when 
MPU executes 
RETI 
command. 
The 
CTC is 
provided 
with 
the 
RETI 
command 
decoding 
circuit 
and 
is 
therefore 
able 
to 
know 
end 
of 
the 
interruption 
process 
by 
constantly 
monitoring 
the 


data 
bus. 
Interruption 
priority 
among 
peripheral 
LSIs 
is 
decided 
by 
their 
connection 
in 
the 
Daisy-chain 
structure. 
Peripheral 
LSIs 
are 
connected 
in 
series 
and 
higher 
priority 
is 
given 
to 
peripheral 
LSIs 
which 
are 
located 
physically 
more 
closer 
to 
MPU. 
Further, 
as 
·to 
the 
priority 
of 
channel 
in 
the 
CTC, 
the 
highest 
priority 
is 
given 
to 
channel 
a 
and 
priority 
beocmes 
lower 
in 
order 
of 
Channell, 
2 and 
3. 


Peripheral 
LSIs 
have 
the 
signal 
lines 
for 
the 
lED 
and 
lEI 
terminals, 
and 
the 
lED 
terminal 
of 
a 
host 
pe.-ripheral 
I,.SI 
is 
connec 
ted 
to 
the 
lEI 


terminal 
of 
a 
subordinate 
periph'lpal 
LS·r>"';·However,' 
the 
lEI 
terminal 
of 
a 


peripheral 
LSI 
with 
the 
highest 
.::pr'ioricy:···is 
H,!!ne'Cted 
to 
the 
+5V 
power 
terminal 
and 
the 
lED 
terminal 
of :.a 
lowest 
prioifcY'-peripheral 
LSI 
is 
not 


used. 
Interruption 
under 
this 
~{)ndi"ti,?(l; 
'is 
generated 
according 
to 
the 


following 
rules: 
.,'. 
".' 


o 
When the 
lED 
and 
lEI 
terminals 
are 
both 
at 
H 'revel, 
no 
interruption 
is 


generated. 
At 
this 
time. 
the':.'rNT 
terminal 
is 
;at 
H 
level. 
In 
this 
state, 
the 
interruption 
request 
can 
be 
avail~~~eq 
o 
When 
the 
CTC output 
the 
interruption 
request 
signal 
(INT), 
this 
CTC 


resets 
the 
lED 
terminal 
to 
L 
level. 
When the 
interruption 
is 
accepted 
by 
MPU. the 
INT 
terminal 
returns 
to 
HlelTe1. 
. 


o 
When the 
lEI 
terminal 
becomes 
L level, 
~he 
lED 
terminal 
also 
becomes 
L 


leve 1. 


o 
When 
the 
lEI 
terminal 
is 
at 
L 
level, 
no 
interruption 
request 
can 
be 


available. 


o 
If 
the 
lEI 
terminal 
is 
turned 
to 
L 
level 
while 
the 
interruption 
is 
generating, 
the 
interruption 
process 
is 
kept 
suspended. 


3.3.3 
Operation 
Modes 


The 
CTC 
is 
operated 
in 


Se lec t ion 
of 
these 
modes 


word. 


o 
Counter 
Mode 
o 
Timer 
Mode 


the 
following 
alternative 
operation 


is 
performed 
by 
writing 
the 
channel 


modes. 
control 


(1) 
Counter 
mode 
In 
counter 
mode, 
number 
of 
input 
edges 
at 
the 
CLK/TRG terminal 
is 
counted 
and 
after 
inputting 
pulses. 
The 
content 
of 
the 
downcounter 
is 


decremented 
by 
-1 
synchronizing 
with 
the 
rise 
of 
next 
system 
clock. 
Pulse 
edge 
to 
be 
counted 
can 
be 
designated 
either 
at 
the 
leading 
or 


trailing 
edge 
by 
the 
channel 
control 
word. 


When the 
content 
of 
the 
downcounter 
becomes 
zero, 
time 
constant 
data 
that 
are 
written 
into 
the 
time 
constant 
register 
are 
automatically 
loaded 
into 
the 
downcounter. 
To 
load 
new 
time 
constant 
data 
into 
the 
downcounter, 


new 
time 
constant 
data 
is 
written 
into 
the 
time 
constant 
register. 
These 


new data 
will 
be 
loaded 
after 
the 
present 
counting 
operation 
is 
ended. 


(2) 
Timer 
mode 
In 
timer 
mode, 
a 
time 
interval 
of 
integral 
number 
times 
of 
the 
system 
clock 
cycle 
is 
generated. 
The 
time 
interval 
is 
measured 
on 
the 
basis 
of 
the 
sys tem 
clock, 
and 
sys tem 
c lock 
is 
suppl 
ied 
to 
the 
presca 
ler. 
The 
prescaler 
divides 
this 
system 
clock 
into 
1/16 
or 
1/156. 
Further, 
output 


of 
the 
prescaler 
is 
used 
as 
the 
clock 
to 
decrement 
(-1) 
the 
downcounter. 


Time 
constant 
data 
is 
automatically 
loaded 
onto 
the 
downcounter 
every 


time 
when 
the 
downcounter 
counts 
zero 
in 
the 
same 
manner 
as 
in 
Counter 
Mode. 
When 
the 
content 
of 
the 
downcounter 
is 
reduced 
to 
zero. 
pu lse 
in 
the 
fixed 
cycle 
is 
output 
from 
the 
ZC/TO terminal. 


tc 
System clock cycle 
P 
Presca1er value 
(16 or 256) 
TC 
Time constant data (256 at OOH) 
Whether 
the 
starting 
of 
the 
timer 
operation 
is 
automatically 
mode 
or 


performed 
at 
the edge 
of 
the CLK/TRG 
terminal 
and 
case 
of 
the 
CLK/TRG 


terminal, whether 
it is performed at the leading edge or trailing edge is 


designated by the channel control word. 


3.4.1 
Status change flowchart 
The status change flowchart of CTC is shown in Fig. 3.3 


JUOOMENT 
OF 
< 
CONTHOL 
WORD 


~HANNEL 
CONTROL 


WOKD 


3.4.2 
Write cycle 
The 
write 
cycle 
is used 
for writing 
channel 
control 
word, 
interruption 
vector and time constant. 
In the next 
systern clock T2, MPU 
changes 
the IORQ 
termina1 of eTe 
to L 
level and starts the write cycle. 
At time of starting the write cycle, a 
2-bit code is added to the eSl and eso terminals of the eTe to designate 
a channel. 
The 
eTe 
internal registers 
are ready 
to 
secure 
data 
at 
the 
system clock T3. 
Tw is in the waiting 
state which 
is automatically 
added 
by 
MPU. 


T1 
T2 
TW 
T3 
T1 


CLK 


CSO.CS1.CE =:x 


CHANNEL 
ADDRESS x= 


IOR(( 
\ 
/ 


Rii 


3.4.3 
Readout 
cycle 
The 
read 
cycle 
is 
used 
to 
read 
out 
the 
content 
of 
the 
downcounter. 


At 
the 
system 
clock 
T2, 
MPU 
sets 
the 
RD 
and 
IORQ 
terminals 
of 
the 
eTe 
at 
L 


level 
and 
starts 
the 
read 
cycle. 
At 
time 
of 
starting 
the 
read 
cycle, 
a 
2-bit 
code 
is 
added 
to 
the 
eSl 
and 
eso 
terminals 
of 
the 
eTe 
to 
designate 
a channel. 
The 
content 
of 
the 
downcounter 
at 
time 
of 
the 
rise 
of 
T2 
is 
output 
to 
the 
data 
bus 
at 
the 
rise 
of 
the 
system 
clock 
Tw. 
Tw 
is 
the 
waiting 
state 
which 
is 


automatically 
added 
by 
MPU. 


Tl 
T2 
TW 
T3 
T1 


CLK 


cso .CS1.CE =x 


CHANNEL 
ADDRESS 
x= 


IOR(( 
\ 
~ 


RD 
\ 
/ 


Ml 


DATA 


3.4.4 
Counter 
mode 
In 
counter 
mode, 
the 
content 
of 
the 
downcounter 
is 
decremented 
(-1) 


synchronizing 
with 
the 
system 
clock 
by the 
edge 
of 
pulse 
added 
from the 
external 
circuit 
connected 
to 
the 
Cl,K/TRGterminal. 
Cycle 
of 
the 
pulse 


added 
to 
the 
CLK/TRGterminal 
must 
be 
larger 
by two 
times 
or 
more 
than 
the 
system 
clock. 
In 
addition, 
a 
setup 
time 
becomes 
necessary 
between 
the 
active 
edge 
of 
the 
Cl,K/TRG terminal 
and 
the 
rise 
of 
next 
system 
clock. 
If 
a setup 
time 
between 
the 
active 
edge 
of 
the 
Cl,K/TRGterminal 
and the 
rise 
of 
next 
system 
clock 
is 
short. 
The downcounter 
decrements 


its 
content 
by one (-1) 
one cycle 
behind 
the 
system 
clock. 


When the 
content 
of 
the 
downcounter 
becomes 
zero, 
H level 
pulse 
will 
be 


output 
from the 
ZC/TO terminal. 


3.4.5 
Timer mode 
The timer 
operation 
is 
started 
by the 
second 
rise 
of 
system 
clock 
at 
the 
edge 
of 
pulse 
added 
from 
the 
external 
circuit 
conneced 
to 
the 
CLK/TRG 
terminal. 
Cycle 
of 
the 
pulse 
added 
to 
the 
CLK/TRGterminal. 
Cycle 
of 


the 
pulse 
added 
to 
the 
CLK/TRGterminal 
must 
be 
larger 
by 
two 
times 
or 
more than 
the 
system 
clock. 
In addition, 
a setup 
time 
becomes necessary 


between 
the 
active 
edge 
of 
the 
CLK/TRG terminal 
and 
the 
rise 
of 
next 
system 
clock. 
If 
a 
setup 
time 
between 
the 
active 
edge 
of 
the 
CLK/TRG 


terminal 
and 
the 
rise 
of 
next 
system 
clock 
is 
short. 
The 
timer 
starts 
one cycle 
behind 
the 
system 
clock. 


3.4.6 
Interruption 
acknowledge 
cycle 
After 
transmitting 
the 
interruption 
reqeust 
signal 
(INT), 
the 
CTC sets 


the 
IEO terminal 
at 
L level 
to 
inhibit 
interruption 
request 
by low order 


LSI. 


Receiving 
the 
interruption 
request 
signal 
(INT) 
from 
the eTe, 
MPU 
sets 


the MI 
and 
IORQ 
termina Is of 
the 
eTe 
at 
L 
level 
as 
the 
interruption 
acknowledge signal. 
The 
IORQ terminal becomes L 
level later than the Ml 
terminal 
by 
2.5 
system 
clocks. 
In order 
to 
stabilize 
the 
daisy 
chain 
connected 
signal 
lines, lEI and 
lED signals, each 
channel 
cannot 
change 
interruption requests. 
The RD terminal is kept at H level to distinguish 
the command 
fetch cycle 


from 
the 
interruption 
acknowledge 
cycle. 
During 
this 
period, 
the 


interruption control logical operation circuit in the eTe decide the most 
high 
order 
channe1 
request ing 
the 
interruption. 
If 
the 
IORQ 
terminal 
becomes L level when 
the lEI terminal is at H level, interruption vector 
is output to the data bus from the most high order .channel requesting the 
interruption 
At 
this time, 
2 system clocks are 
automat ically 
inserted 
by MPU 
as 
the 


waiting 
state to keep stability of the daisy chain connection. 


Tl 
T2 
Tw 
TW 
T3 
T4 


DATA ------------~>---- 


Fig. 3.8 
Interruption Acknowledge Timing 


3.4.7 
Return from the interruption cycle 
Return from the interruption is effected when MPU executes RETI command. 
This 
RETI 
command 
must 
be 
used 
at 
the 
last 
stage 
of 
the 
interruption 


processing 
routine. 
The 
execution 
of 
this RETI 
command 
by MPU 
returns 


the lEI and lED terminals of the eTe to the state before interruption. 


RETI command is a two byte command and its code is EDH and 4DH. 
The eTe 


decodes 
the 
codes 
of RETI 
command 
and dec ides a 
port 
wh ich makes 
next 


interruption request. 
In the daisy chain structure, at the point of time 


when 
the command 
code EDH 
is decoded, 
the 
lEI 
terminal 
of 
a 
peripheral 
LSI making 
the interruption is kept at H level and the lED terminal at L 
level. 
If 
the 
code 
following 
EDH 
is 4DH, 
an LSI 
that 
transmitted 
the 
interruption 
immediately before 
the decoding, 
that is, only the LSI with 


lEI terminal at H level and lED terminal at L 
level is returned 
from the 
interruption. 
As 
a 
result, 
the 
interruption 
process 
of 
a 
low 
order 


peripheral LSI of which 
interruption process was suspended. 


3.5 
Operating procedures 
In order 
to 
operate 
the 
CTC 
in 
Counter 
Mode 
or 
Timer 
Mode, 
a 
channel 
control 
word 
and 
time constant 
data must 
be written 
into the 
CTC. 
To 


authorize 
any 
interruption 
by 
a 
channel 
control 
word, 
the 
interruption 


vector must be written 
into the CTC. 


(1) 
Channel control word 
To 
write 
a 
channel 
control 
word 
into 
the 
CTC, 
designate 
a 
channel 
by 
inputting a 2-bit code into the LSI terminal and the LSI terminal. 
Codes 


for respective channels are shown in Table 
3.1. 


I 
Input Terminal I 
I 
CSI 
I 
CSO 
I 
I 
I 
0 
0 
I 
0 
I 
IChan-I 
1 
0 
I 
0 
I 
I 
I 
2 
1 
I 
0 
I 
IChan-I 
3 
1 
I 
1 
I 


The channel control word 
is written 
into the CTC 
is 8 bits. 
The 
system 
data bus DO to D7 correspond to bit 0 - 7. 
The meaning 
of each bit 
is outlined 
in Fig. 3.10. 
The 
function of each 


bit is shown in Table 3.2. 


D7 
Inter- 
ruption 


D6 
Counter 
timer 


D5 
Pres- 
caler 


D4 
Edge 
D3 
Trigger 
D2 
Time 
constant 


Dl 
Reset 


I 
Bit 
I 
I 
I 
I 
I 
I 
I 
Bit 
I 
7 
I (D7) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Bit 
I 
6 


I (D6) 
I 
I 
I 
Bit 
7 


(D7) 


Bit 
3 
(D3) 
I 
I 
I 
I 
I 
I 
I 


Meaning 
and 
Functon 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
cremented 
by one 
(-1) 
at the 
I 
trailing 
edge 
of 
the 
external I 
clock 
pulse 
(CLK/TRG). 
I 
Used 
only 
in timer 
mode. 
I 
The 
timer 
operation 
is 
I 
started 
at 
the 
leading 
edge 
I 
of 
the 
trigger 
pulse 
clocks 
I 
after 
a time 
constant 
is 
I 
loaded 
onto 
the 
downtimer. 
I 
I 
I 


o 
Channel 
interruption 
is in- 
hibited. 


A channel 
is mode 
in timer 
mode. 
System 
clock 
is input 
into 
the 
pres caler 
divided 
and 
output 
to the downcounter. 


Bit 
4 


(d4) 


Used 
only 
in timer 
mode. 
The 
prescaler 
is set 
so as 
to divide 
the 
system 
clock 
into 
1/16. 
In timer 
mode, 
the 
timer 
operation 
is started 
at 
the 
trailing 
edge 
of 
the 
trigger 
pulse 
(CLK/TRG). 
In counter 
mode, 
the 
content 
of 
the 
downcounter 
is de- 


I 
1 
I 
Authorizes 
channel 
interruption. 
I 


In either 
counter 
mode 
or 
timer 
I 
mode, 
this 
bit 
requests 
the 
inter- 
I 
ruption 
to MPU whenever 
the 
content 
I 
of 
the downcounter 
becomes 
zero. 
I 
If this 
bit 
is set 
at 
1, the 
inter- 
I 
ruption 
vector 
must 
be written 
into 
I 
the 
CTC 
before 
starting 
the 
down- 
I 
counter. 
Further, 
if the 
channel 
I 
control 
word 
with 
this 
bit 
set 
to 
I 
it is written 
into 
the CTC. 
The 
I 


interruption 
is generated 
when 
the 
I 
content 
of 
the down counter 
becomes 
I 
zero 
first 
after 
a new 
channel 
I 
control 
word 
is written. 
I 


A channel 
is made 
in counter 
mode. 
I 
The 
content 
of the 
downcounter 
is 
I 
decremented 
by 
1 (-1) 
at every 
edge 
I 
of each 
trigger 
that 
is 
input 
into 
I 
the CLK/TRG 
terminal. 
The 
prescalerl 
is not 
used 
in counter 
mode. 
I 
Used 
only 
in timer 
mode. 
The 
I 


prescaler 
is set 
so as 
to divide 
thel 
system 
clock 
into 
1/256. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


In timer 
mode, 
the 
timer 
operation 
is started 
at 
the 
leading 
edge 
of 
the 
trigger 
pulse 
(CLK/TRG). 
In counter 
mode, 
the 
content 
of 
the 


down counter 
is decremented 
by one 


(-1) 
at 
the 
trailing 
edge 
of 
the 


external 
clock 
pulse. 


Used 
only 
in timer 
mode. 
The 
timer 


operation 
is started 
at 
the 
leading 


edge 
of 
the external 
trigger 
pulse 


that 
is input 
2 system 
clocks 
after 


a time 
constant 
is loaded 
onto 
the 


downcounter. 
When 
a time 
lag between 
the 
system 
clock 
and 
trigger 
pulse 
satisfies 
a 


setup 
time, 
the 
prescaler 
starts 
to 


operate 
from 
the 
second 
leading 
edge 
of 
the 
trigger 
pulse. 
If a 
time 
flag 
between 
the 
system 
clock 


and 
trigger 
pulse 
does 
not 
satisfy 


the 
setup 
time. 
The 
prescaler 


I 
Bit 
I 
I 
I 
Bit 
I 
3 
I (D3) 
I 
I 
I 
I 
I 
I 
I 
I Bit 
I 
2 


!(D2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Bit 
I 
1 


I (D!) 
I 
I 
I 
I 
I 
I 
I 


Meaning 
and 
Functon 
I 
I 
I 
I 
I 
I 
I 
This 
bit 
(0) 
indicates 
that 
I 
there 
is no 
time 
constant 
I 
written 
after 
a channel 
con 
I 


trol word. 
However, 
the chan-I 
nel 
is in the reset 
state 
andl 
this 
bit 
cannot 
be changed 
tol 
"0" 
in the channel 
control 
I 
word 
which 
is given 
first 
I 
after 
the 
channel 
reset. 
I 
To 
change 
other 
state 
withoutl 
changing 
a time 
constant, 
I 
input 
a channel 
control 
word 
I 
with 
this 
bit 
chan 
ed 
to O. 
I 
The 
present 
channel 
operation 
is continued. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 


starts 
to operate 
at 
the 
leading 
I 


edge 
of the 
trigger 
pulse 
after 
3 
I 


system 
clocks. 
If the 
trigger 
pulsel 


is inputted 
before 
leading 
of a timel 


constant, 
the operation 
is the 
same 
I 


as 
that 
when 
Bit 
3 = o. 
I 


This 
bit 
(1) 
indicates 
that 
there 
isl 


a time 
constant 
written 
immediately 
I 


after 
a channel 
control 
word. 
If a I 


time 
constant 
is written 
while 
the 
I 


downcounter 
is operating, 
a new 
timel 


constant 
is set 
in the 
time 
constant! 


register. 
The 
counting 
which 
is in I 


progress 
is carried 
out continuouslyl 


and 
only 
after 
the 
content 
of 
the 
I 


downcounter 
becomes 
zero, 
a new 
timel 


constant 
is loaded 
onto 
the 
down- 
I 


counter. 
I 
I 
The 
down counter 
operation 
is stop- 
I 
ped. 
When 
this 
bit 
is set 
to 1, 
I 


the channel 
operation 
is stopped 
I 


but 
all 
bits 
in the 
channel 
control 
I 


register 
remain 
unchanged. 
I 


When 
Bit 
2=1 
and 
Bit 
1=1, 
the 
chan- 
! 


nel 
stops 
to operate 
until 
a new 
I 


time 
constant 
is written. 
After 
a 
I 


new 
time 
constant 
is programmed, 
thel 


preparation 
for reopening 
the 
chan- 
I 


nel 
is performed 
and 
the channel 
is I 


reopened 
according 
to a value 
set 
I 


for Bit 
3. 
When 
Bit 
2=0 and 
bit 
1= I 


1, the channel 
operation 
is not 
I 


started 
until 
a new 
channel 
control 
I 


word 
is written. 
I 


(2) 
Time 
constant 
data 
In timer 
mode 
or counter 
mode 
it is necessary 
to write 
time 
constant 
data 


into 
the 
time 
constant 
register. 
When 
the 
channel 
control 
word 
Bit 
2 (D2) 
is 1, time 
constants 
are written 
into 
the 
time 
constant 
register 
immediately 
after 
the 
channel 
control 


word 
is written. 
Time 
constant 
data 
are 
integers 
in 
the 
range 
from 
1 to 


256. 
When 
8 bits 
of 
this 
data 
are 
all 
0, 
it is regarded 
as 256. 
The 
bit 
configuration 
of time 
constant 
data 
is shown 
in Fig. 
3.11. 


(3) 
Interruption 
vector 
In 
the 
interruption 
when MPU is 
in 
Mode 2, 
it 
is 
necessary 
for 
the 
channe 1 req ues t ing 
the 
interrupt 
ion 
to 
give 
the 
inter 
rupt ion 
vec tor 
to 
MPU. 
The 
interruption 
vector 
is 
written 
into 
the 
interruption 
vector 
register 
for 
Channel 
0 with 
Bit 
0 (D)) 
set 
to 
O. 
The write 
method 
is 
the 
same as 
that 
to write 
the 
channel 
control 
word into 
Channel 
O. 
However, 


bit 
0 
(DO) must 
be 
always 
zero. 
Bit 
7 
(D7) 
to 
Bit 
3 
(D3) 
are 
values 
given 
by user. 
Bit 
2 (D2) and Bit 
1 (Dl) 
are 
values 
given 
automatically 
by 
the 
CTC and 
a 
code 
of 
a 
channel 
with 
the 
highest 
priority 
among 
channels 
requesting 
the 
interruption 
is 
used. 
The 
channel 
codes 
are 
shown in 
Table 
3.3 
and 
the 
bit 
configuration 
of 
interruption 
vector 
in 
Fig. 
3.12. 


Table 
3.3 
Channel 
Codes 


Bit 
2 (D2) 
Bit 
1 (Dl) 
Channel 
No. 
I 
0 
0 
0 
[A High 
0 
1 
1 
II 
Prior- 
I 
0 
2 
II Low 
ity 
1 
1 
3 
Iv 


V7 
V6 
VS 
V4 
V3 
X 
X 
0 


Fix 
to 
"otl. 
-\ 
Chennel 
codes 
Interruption 
vector 
given 


by user. 


Fi.g 
3.12 
Interruption 
Vector 


3.6 
Method of use 


(1) 
Counter 
mode 


A program 
when 
the 
interruption 
disabled 
is 
set 
using 
Channel 
0 
is 
expla ined. 
(a) 
The programming 
step 
is 
shown in 
fig. 
3.13. 


10 


! A 
TIME 
CONSTANT 
IS 
LOADED 
EVERY 
TIME 
WHEN 
THE 
DOWNCOUNTER 
COUNTS 
ZERO. 
I 


CLK/TRGO(100kHz) 


INPUT 


COUNTER 
MODE 
-1 
IN 
LEADING 
OF 
EXTERNAL 
CLOCK 


(2) 
Timer mode 


(a) 
A programming 
step when 
the interruption disabled 
is set using Channel 
1 is shown in Fig. 3.26. 


A TIME 
CONSTANT 
IS LAODED 
EVEY 


TIME 
WHEN 
THE DOWNCOUNTER 
COUNTS 
ZERO. 


TIMER 
MODE 
START 
THE TIMER 
SETTING 
OF 


OPERATION 
AT THE 
TIMER 
CONSTANT 
TRAILING 
OF THE 


EXTERNAL 
CLOCK. 


Symbol 
Item 
I 
Rating 
Unit 
I 
VCC 
1 
Supply 
Voltage 
I 
-0.5 
to +7 
I 
V 
----------1-----------------------------------1--------------------1------ 


VIN 
1 
Input 
Voltage 
1 
-0.5 
to Vcc 
+ 0.3 
1 
V 


----------1-----------------------------------1--------------------1------ 


PD 
I 
Power 
Dissipation 
(TA=8S0C) 
I 
250 
1 
mW 
----------1-----------------------------------1--------------------1------ 
I 
TSOLDER 
I 
Soldering 
Temperature 
(10 
sec) 
I 
260 
I'c 


1----------1-----------------------------------1--------------------1------ 
I 
TSTG 
I 
Storage 
Temperature 
I 
-65 
to 150 
I'c 
1----------1-----------------------------------1--------------------1------ 


I 
TOPR 
1 
Operating 
Temperature 
I 
-40 
to 
85 
I 
·c 


TA 
-40'C 
to 8S'C, 
VCC 
= SV ± 10%, 
VSS 
= OV 


SYMBOL 
ITEM 
TEST 
CONDITION 
1 
MIN. 
Typ.1 
MAX. 
IUNIT I 
VILC 
Low 
Clock 
Input 
1 
-0.3 
1 
0.6 
I 
V 


Voltage 
1 
I 
1 


VIHC 
High 
Clock 
Input 
IVCC-0.66 
IVCC+0.31 
V 


Voltage 
I 
I 
VIL 
Low 
Input 
Voltage 
I 
-0.5 
1 
0.8 
V 
(Except 
CLK) 
1 
I 


VIH 
High 
Input 
Voltage 
I 
2.2 
Ivcc 
V 
(Except 
CLK) 
I 
I 
VOL 
Output 
Low Voltage 
IOL 
2.OmA 
I 
1 
0.4 
V 


1 
1 
VOHl 
Output 
High 
Voltage 
IOH 
-1.6mA 
2.4 
1 
V 


(I) 
I 
VOH2 
Output 
High 
Voltage 
IOH 
-2S0UA 
VCC-0.8 
I 
V 


(II) 
1 
ILl 
Input 
Leak 
Current 
VSS< 
VIN< 
VCC 
I 
±10 
UA 


1 
ILO 
3-state 
output 
VSS 
+ 0.4< 
vour 
I 
1 
current 
at 
float ing 
< VCC 
I - 
1 
±10 
UA 


Supply 
Current 
VCC=SV,CLK=4MHz 
1 
1 


ICCI 
(at time 
of opera- 
VIH=VIHC=VCC- 
I 
3 
I 


tion) 
0.2V 
I 
1 
7 
mA 


VIL=VILC=0.2V 
1 
I 
Supply 
Current 
VCC=5V,CLK=VILCI 
1 
I 


ICC2 
(at time 
of 
sta- 
VIH=VIHC=VCC- 
I 
I 
I 


tionary) 
0.2V 
I 
I 0.51 
10 
J.lA 


VILC=VIL=0.2V 
I 
I 
I 
Darilington 
Drive 
VOH=1.5V, 
REXT= 
1 
1 
I 


IOHD* 
Current 
1.lK 
ohm. 
I 
1 
I 


Applied 
to ZC/ 
I 


-1.5 
I - 
I 
-5.0 
mA 


TOO-ZC/T02 
1 
I 
I 


MPUZ80-247 


TOSHIBA 
TMPZ84C30p 


4.3 
AC Electrical 
Charactreistics 


At 
time 
of 
operation 
4MHz 
TOPR 
= -40·C 
to 8S·C, 
VCC 
= SV 
± 
10%, VSS 
OV 
Test 
condition 
is CL 
= 100PF. 


NO. 
SYMBOL 
ITEM 
UNIT 
1 
TcC 
Clock 
c cle 
time 
ns 
2 
TwCh 
High 
clock 
pulse 
width 
ns 
3 
TwCl 
Low 
clock 
pulse 
width 
ns 


4 
TfC 
Clock 
falling 
time 
ns 


5 
TrC 
Clock 
rising 
time 
ns 


6 
Th 
Hold 
time 
0 
ns 


7 
TsCS(C) 
CS 
set-up 
time 
for 
clock 
160 
ns 


rise 


8 
TsCE(C) 
CE 
set-up 
time 
for 
clock 
150 
ns 


fall 


9 
TsIO(C) 
Set-up 
time 
up 
to IORQ 
fall 
115 
ns 


for 
clock 
rise 


10 
TsRD(C) 
Set-up 
time 
up 
to RD 
fall 
115 
ns 


for 
clock 
rise 
11 
TdC(DO) 
Delay 
from 
clock 
rise 
to 
200 
ns 


data 
output 


12 
TdC(DOZ) 
Delay 
from 
IORQ, 
RD 
rise 
110 
ns 


to data 
float 
13 
TsDI(C) 
Data 
input 
set-up 
time 
for 
50 
ns 


clock 
rise 


14 
TsMI (C) 
Ml 
set-up 
time 
for 
clock 
90 
ns 


r1se 


15 
TdMl(IEO) 
Delay 
from 
Ml 
fall 
to IEO 
190 
ns 


fall 
(in 
case 
of 
generat- 
ing 
only 
interruption 
immediately 
before 
Ml 
cycle) 
I 
I 
I 
16 
TdlO(DOI) 
Delay 
from 
lORQ 
fall 
to 
I 
160 
I 
ns 


data 
output 
(INTA 
cycle) 
I 
I 


17 
TdIEI(IDOf) 
Delay 
from 
lEI 
fall 
to IEO 
I 
130 
I 
ns 


fall 
I 
I 


18 
TdIEI(IDOr) 
Delay 
from 
lEI rise 
to IEO 
I 
160 
I 
ns 


rise 
(after 
ED 
decode) 
I 
I 
19 
TdC(INT) 
Delay 
from 
clock 
rise 
to 
I 
(TcC+140) I 
ns 


INT 
fall 
I 
I 
20 
TdCLK(INT) 
Delay 
rrom 
CLK/TRG 
rise 
to 
I 
I 
INT 
fall 
(Counter 
mode) 
I 
I 
tSCTR~C~ 
satisfied 
I ( 
TcC+160) I 
ns 


tsCTR 
C 
not 
satisfied 
.: 
I (2TcC+370) I 
ns 


MPUZ80-248 


TOSHIBA 
TMPz84C30P 


NO. 
SYMBOL 
ITEM 
I 
MAX. 
UNIT 
21 
TcCTR 
CLK/TRG 
Fre 
uency(counter 
mode) I 
ns 
22 
TcCTR 
CLK/TRG 
risin 
time 
ns 
23 
TfCTR 
CLK/TRG 
falling 
time 
ns 
24 
TwCTRl 
Low 
CLK/TRG 
pulse 
width 
ns 
25 
TwCTRr 
High 
CLK/TRG 
pulse 
width 


26 
TsCTR(Cs) 
CLK/TRG 
set-up 
time 
for 
210 
ns 


clock 
rise 
requiring 
im- 
I 


mediate 
count(counter 
mode) I 
27 
TsCTR(CT) 
CLK/TRG 
set-up 
time 
for 
I 
210 
ns 
clock 
rise 
requiring 
im- 
I 


mediate 
start 
of 
prescaler 
I 
(timer 
mode) 
I 
28 
TdC(ZC/TOr) 
Delay 
from 
clock 
rise 
to 
I 
190 
ns 
ZC/TO 
rise 
I 
29 
TdC( ZC/TOf) 
Delay 
from 
clock 
fall 
to 
I 
190 
ns 
ZC/TO 
fall 
I 


Note 
1. 
AC 
test 
condition 


VIH=2,4V, 
VIHC=VCC-0.6V, 
VIL=0.4V, 
VOH=2.2V, 
VOL=0.8V 
Note 
2 
If 
the 
daisy 
chain 
is at N 
stage, 


2.5 
TcC>(N-2)TdIEI(IEOf)+(TdMl(IEO)+TsIEI+TTL 
buffer 
delay 
must 
be 
satisfied. 


SYMBOL 
I 
ITEM 
I 
TEST 
CONDITION 
IMIN. ITYP. IMAX. IUNITI 
C 
I Clock 
Input 
I f=lMHz 
- 
- 
5 
pF 
I 
Capacitance 
I All 
terminals 
except 
that 


CIN 
I 
Input 
Capacitance 
I to be measured 
should 
be 
- 
- 
5 
pF 
COUT 
IOutput 
Capacitance 
I earthed. 
- 
- 
10 
pF 


4.5 
Timing 
diagram 
Numbers 
shown 
in 
the 
following 
figures 
correspond 
with 
those 
in 
the 
4.3 
A.C. 
Electrical 
Characteristics 
Table. 


I 
® 
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IOllQ; 
-------~~ 
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___ 
DA_T_A _~-=_--=-=_ 
--=-=_ 
-===tiJ-------£h= 


~~i 
~ 


IOR~ 
1------- 
@-,-d- 


II 


CLK/TROO-3 


(COUNTER 


MODE) 


CLK/TROO-3 


(TIMER 


MODE) 


ZC/TOO-2 


28 
15 


~ [::::::::::]! 
1 
14 
1524± 
025 


'" 
38.0MAX 
.,; 


, 


" 
1\ 


+ 0.1 
z 
0,25_ 
0,05 
H 
:>l 
1.4±O.15 
;:; 
0-15° 


Note 
1. 
This 
dimension 
is measured 
at 
the 
center 
of bending 
point 
of 


leads. 


Note 
2. 
Each 
lead 
pitch 
is 2.54mm, 
and 
all 
the 
leads 
are 
located 
within 


±O.25mm 
from 
their 
theoretical 
positions 
with 
respect 
to No.1 
and 
No.28 
leads. 


The 
TMPz84C30F 
(hereinafter 
referred 
to 
packed 
in 
a 
44-pin 
mini-flat 
package 
TMPZ84C30P 
(DIP 
package 
product) 
characteristics 
as follows. 


o 
Storage 
temperature 
(TSTG) 


as CTC) 
is CMOS 
version 
of 
Z80 CTC 


with 
the 
same 
functions 
as 
the 


but 
the 
different 
electrical 


The 
CTC 
consists 
of 
four 
independently 
programmable 
8-bit 
timers/counters. 


Each 
timer/counter 
is 
a 
readable 
downcounter 
with 
a 
selectable 
16 
or 
256 


prescaler. 
In 
addition, 
three 
terminals 
are 
provided 
to output 
high 
level 


active 
pulses 
when 
the 
content 
of 
the 
downcounter 
becomes 
zero. 
These 
output 
pulses 
are 
capable 
of driving 
Darlington 
transistors. 


The 
TMPz80C30F 
is fabricated 
using 
Toshiba's 
CMOS 
Silicon 
Gate 
Technology. 


The 
principal 
functions 
and 
features 
of 
the TMPz84C30F 
are 
as 
follows. 
(1) 
With 
the 
same 
functions 
as 
the Toshiba's 
CMOS 
Z80 CTC 
TMP84C30P. 
(2) 
Low 
power 
consumption 
3mA Typ. 
(@5V 
@4MHz, 
at operation) 


10uA Max. 
(@5V, 
at 
stand-by) 


(3) 
DC 
to 4MHz 
operation 


(4) 
Single 
5V power 
supply 


(5V±10%) 


(5) 
Extended 
operating 
temperature 
-40'C 
to 85'C 


(6) 
4 
independently 
programmable 
8-bit 
timers/counters 
(with 
a selectable 


16 or 256 
prescaler) 
(7) 
Connectable 
to cascade 
(8) 
Compatible 
with 
z80 built-in 
interrupt 
control 
circuit 
in daisy-chain 
structure 
(9) 
Packaged 
in 44-pin 
mini-flat 
package 


2.1 
Pin connections 
The pin connections of the TMPZ84C30F are as shown in Fig. 2.1. 


NC 
CSI 
CLIVTRQ3 
CLIVTRG2 
NC 
NC 
CLIVTRGI 
ClIV'TRGO 
NC 
vcc( 5V) 
NC 


2.2 
Pin names and functions 
Refer 
to "2.2 
Pin names and 
functions" 
in TMPz84C30P 
for pin names 
and 
functions. 


Refer 
to 
"Functional 
Description" 
in 
TMPZ84C30P for 
description 
of 
operation 
of TMPz84C30F. 


Symbol 
Item 
Rating 
I Unit I 


1 
VCC 
1 
Supply Voltage 
I 
-0.5 to +7 
I 
V 
I 


1----------1-----------------------------------1--------------------1------1 


1 
VIN 
1 
Input Voltage 
-0.5 
to Vcc + 0.5 
1 
V 
1 


1----------1----------------------------------- 
-------------------- 
------1 


1 
PD 
1 
Power Dissipation 
250 
mW 
I 
1----------1----------------------------------- 
-------------------- 
------1 
I 
TSOLDER 
1 
Soldering Temperature 
(10 sec) 
260'C 
I 
1----------1----------------------------------- 
-------------------- 
------1 


1 
TSTG 
I 
Storage Temperature 
-55 to 125 
·c 
I 


1----------1-----------------------------------1--------------------1------1 


I 
TOPR 
1 
Operating Temperature 
1 
-40 to 
85 
I 
·c 
1 


4.2 
DC Electrical 
characteristics 
Refer 
to 
"4.2 
DC 
Electrical 
characteristics" 
in 
TMPZ84C30P 
for 
DC 


electrical characteristics. 


4.3 
AC Electrical characteristics 
Refer 
to 
"4.3 
AC 
Electrical 
characteristics" 
in 
TMPz84C30P 
for 
AC 


electrical characteristics. 


4.4 
Capacitance 
Refer to "4.4 
Capacitance" 
in TMPz84C30P 
for capacitance. 


4.5 
Timing diagram 
Refer to "4.5 
Timing diagram" in TMPz84C30P 
for timing diagram. 


1--+--' 
, 
I 
' 


I~~_~ARKING 
.~ 


! 
! 
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I 
L_-+_~ 


The 
TMPZ84C40P(SIO/O), 
TMPZ84C41P(SIO/l), 
TMPZ84C42P(SIO/2) 
(hereinafter 
referred 
to as SIO) 
are 
CMOS 
version 
of 
Z80 
SIO 
and have 
been 
designed 
to 


provide 
low power 
operation. 
SIOs 
are 
designed 
for 
the 
adaptation 
to 
the 
various 
serial 
data 
communications 
which 
are 
needed 
to the microcomputer 
system. 
SIOs 
are 
able 
to handle 
the 
asynchronous 
signal, 
the 
synchronous 
byte 
unit 
protocol 
and 
the 
synchronous 
bit 
unit 
protocol 
like 
HDLC 
and SDLC. 


The 
principal 
functions 
and 
features 
of 
the SIOs 
are 
as 
follows. 
(1) 
Compatible 
with 
the 
Zilog 
z80 
SIO. 
(2) 
Compatible 
with 
the CCITT-X.25. 
(3) 
Compatible 
with 
the HDLC/SDLC. 
(4) 
Data 
transfer 
rate 
up 
to 800K 
bit/See 
(5) 
2 independent 
full-duplex 
channels 
can 
be used. 
(6) 
Built-in 
CRC 
generation 
and 
checking 
function. 


(7) 
On 
chip 
daisy-chain 
structure 
interrupt 
circuit. 


The 
pin 
connections, 
pin 
functions 
and 
functions 
of 
SIOs 
are 
described 
in 


th is chapter. 


2.1 
Pin 
connections 
The 
pin 
connections 
of 
the SIOs 
are 
as shown 
in Fig. 
2.1. 


Dl 
1 
<0 
DO 
Dl 
DO 
Dl 
DO 
D3 
2 
39 
02 
D3 
02 
D3 
D2 


D5 
3 
38 
D< 
D5 
D< 
D5 
D< 
D7 
< 
3? 
D6 
D7 
D6 
D7 
D6 
INT 
5 
36 
IOR~ 
fN'l' 
lOR" 
INT 
lOR" 


lEI 
6 
35 
CE 
lEI 
CE 
lEI 
CE 
IEO 
7 
3< 
B/A 
IEO 
B/A 
lEO 
B/A 
iIT 
8 
33 
C/Il 
flI 
C/D 
flI 
C/D 


w/Rritt 
9 
32 
RD 
VCC 
280 
lID 
VCC 
1m 


10 
280 
31 
v/S(OV) 
W/RDYA 
VSS~ 
W/RDYA 
~/mw 
SYNCA 
II 
30 
W 
RDYB 
SYlll!J[ 
W/ 
SYNCA 
RXDA 
12 
SIO/O 
29 
SYNCB 
RXDA 
S10/1 
SYNCB 
RXDA 
RXD8 
RXCA 
13 
28 
RXDB 
RXCA 
RXDB 
= 
RxeB 


TXCA 
1< 
27 
RXTXCB 
TXCA 
RXCB 
= 
= 
TXDA 
15 
26 
TXDB 
TXDA 
TXCB 
TXDA 
TXDB 


DTRA 
16 
25 
DTRB 
DTRA 
TXDB 
DTRA 
DTRB 
RTm\ 
17 
2< 
RTse 
RTm\ 
RTse 
RTSA 
RTSS 


CTSA 
18 
23 
CTSB 
CTSA 
= 


CTSA 
CTSB 
DODA 
19 
22 = 
OCDA 
i5CDB 
DODA 
DODB 
CLK 
20 
21 
IlESET 
CLK 
RESET 
CLK 
RESET 


Fig. 
2.1 
Pin 
Connections 
(Top View) 


However, 
it 
is 
necessary 
to 
choose 
the 
terminals 
in 
accordance 
with 
the 


purposes, 
because 
they 
are 
limited 
in number. 
The 
differences 
in 510/0, 


510/1 
and 
510/2 
are 
shown 
in Fig. 
2.2 
SIOs version 
diagram. 


8YNCB 
gyNClJ 
29 
RxDB 


28 
RXDB 
RxDB 
28 
RxCB 


27 
RxTxCB 
RxCB 
27 
TxCB 


26 
TxDB 
TXCB 
26 
TxDB 


25 
DTRB 
25 
TxDB 
25 
DTRB 


810/0 
810/0 
810/0 


2.2 
Pin names 
and 
functions 
I/O pin 
names 
and 
functions 
are 
as shown 
in Table 
2.1. 


I 
Pin Name 


I 
I DO - D7 
I 
I 
lINT 
I 


\ 
I 
I lEI 
I 
I 
lED 


1 
I 
I 
I 
I 
I Ml 
I 
I 
I W/RDYA 
I W/RDYB 
I 
I 
I 
I 
I 
I 
I 
I SYNCA 
I*SYNCB 
I 
I 
I 
I 
I 
I RxDA 
I RxDB 
II RxCA 
I*RxCB 


\ 
I 
I TxDA 
I TxDB 
I 
I DTRA 
I*DTRB 
I 
I RTSA 
I RTSB 


I Number I Input/Output 
I 
lof Pin\ 
3-state 
I 
I 
8 
I 
I/O 
I 
I 
I 
3-state 
I 
I 
I 
I 
I 
I 
Output 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 


I 
I 
Input 
I 


I 
I 
I 


\ 
I 
Output 
I 
\ 
I 
I 
\ 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


I 
I 
Input 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Interrupt 
enable 
output 
signal. 
I 


lEI 
and 
lED are 
used 
for the 
daisy-chain 
I 
structure. 
When 
lEI 
terminal 
is "1" 
and 
IEOI 


terminal 
is "0" 
the SID 
is being 
serviced 
byl 


a MPU 
interrupt 
service 
routine. 
I 


Machine 
cycle 
1. 
I 


When 
the both 
of Ml 
and 
IORQ 
are 
"0", 
the 
I 


SID 
is re uestin 
the 
interru 
t. 
I 
Wait/ready 
signal 
A, wait/ready 
signal 
B. 
I 
These 
can be used 
as wait 
signal 
or 
ready 
I 


signal 
according 
to SIOs-programming. 
I 


SID 
becomes 
active 
on "0", 
when 
pins 
are 
I 


programmed 
as "WAIT" 
and 
are not 
ready 
to 
I 


receive 
the 
data 
for MPU. 
I 
SID 
become 
active 
on "0", 
when 
pins 
are 
I 


programmed 
as "READY" 
and ready 
to rece ive 
I 


the data 
character 
for DMA. 
I 


Synchronous 
signal. 
I 


In case 
of the asynchronous 
receive 
mode, 
I 


These 
pins 
become 
the 
same 
input 
terminals 
I 
as CTS 
and DCD. 
I 
In case 
of 
the external 
synchronous 
mode, 
I 


pins 
become 
the 
input 
termina Is and 
in case 
I 


of 
the 
internal 
synchronous 
mode, 
become 
I 


the 
out put 
termina Is. 
I 
Seria 1 rece ive data 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Interrupt 
request 
signal. 
This 
is used, 
in case 
SIOs 
request 
MPU 
the 
interrupt. 
Wired 
OR connection 
is 
possible 
(becuase 
of 
the open 
drain). 


Data 
terminal 
ready 
signal. 
These 
pins 
output 
the possibility 
or 
im- 
ossibilit 
of 
the 
serial 
data 
receive. 
Transmit 
request 
signal. 
In serial 
data 
transmit, 
become 
"0". 


I 
Pin 
Name 
I 


\ 
I 
CTSA 
I 
CTSB 


I 
I 
I DCDA 
I 
I 
CLK 


I 


\ 
I 
I 
I 
IORQ 
I 
I 
I 
I 
CE 
I 
I B/A 
I 
I C/O 
I 
IRD 
I 
I 
I 
II RESET 
I 
I 
I 
I*RxTxCB 
I 
I Vcc 
I 
I 
I Vss 
I 


I Number! Input/Output 
I 
lof Pin\ 
3-state 
I 
! 
I 
I 
I 
2 
I 
Output 
I 
I 
I 
I 


I 
I 
I 


\ 
I 
I 


I 
2 
Input 
I 


\ 
I 
\ 
Input 
\ 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
Input 
I 


I 
I 
I 
I 
I 
I 
I 
ut 
I 
I 
I 


Input 
I 
I 
Input 
I 
I 
I 
I 
I 
Input 
I 


1 
I 
I 
*1 
Input 
I 
I 
Power 
Supply I 
I 
I 
Power 
Supply I 


1 


Function 
I 


1 
Transmittable 
signal. 
I 


When 
terminals 
are 
"0", 
sros 
can 
receive 
the I 


serial 
data 
transmit 
of 
the modem 
which 
has 
I 


sent 
these 
signals. 
I 


Data 
carrier 
detect 
signal. 
I 


When 
terminals 
are 
"0", 
SIOs 
can 
enable 
the I 


serial 
data 
transmit. 
I 
Single-phase 
clock 
input. 
I 
Inputs 
Z80 
standard 
system 
clock 
of 
single- 
I 
phase. 
When 
CLK 
terminal 
is DC 
state 
("1" 
1 
or "0") , SIOs 
are 
in stationary 
sate. 
I 
I/O 
request 
signal 
I 
In case 
both 
of 
IORQ 
and 
CE 
are 
"0", 
the 
I 


data 
or command 
are 
transferred 
between 
MPU 
I 


and 
SIO 
by 
the 
combination 
of 
B/A 
and 
C/O. 
I 


Chip 
enable 
signal 
I 


When 
in ut 
becomes 
"0" 
SIOs 
are 
enabled. 
I 


Channel 
select 
signal 
I 
Selects 
the 
channel 
(A/B). 
I 


Command/data 
select 
signal 
I 


Selects 
the 
command 
and 
data. 
I 


Read 
signal. 
I 


In case 
both 
of CE and 
IORQ 
are 
"0", 
if RD 
I 


is "0" 
this 
pin 
performs 
the 
read 
operationl 


and 
if' RD 
is "1", 
this 
pin 
performs 
the 
I 


write 
operation. 
I 


Reset 
signal. 
I 


If RESET 
is turned 
into 
"0", 
the 
receiver 
I 
and 
transmitter 
become 
disabled 
and 
the 
I 
serial 
data 
become 
the mark 
state. 
I 
I 


Bonding 
terminal 
of TxCB 
and 
RxCB. 
I 
I 


+SV 
I 
I 
I 


OV 
I 
I 


The 
asterisk 
(*) mark 
is difference 
in accordance 
with 
the 
three 
versions 
(SIO/O, 
SIO/l, 
SIO/2). 


INTERRUPT 


CONTROL 
CIRCUIT 


READ/WRITE 
REGISTER 
(CHANNEL 
B) 


} DATA 


CLOCK 
S"YN"C 


WAIT/READY 


INTERNAL 
CONTROL 
CIRCUIT 


READ/WRITE 


REGISTER 


(CHANNEL 
A) 


] 00","," "'" 


} DATA 


CLOCK 
SYNC 


WAIT/READY 


} CONTROL 
LI NE 


3.2.1 
Architecture 


As 
shown 
in 
Fig 
3.1, 
the 
SIO 
is 
composed 
of 
MPU bus 
in terface, 
the 
internal 
control 
circuit, 
the 
interrupt 
control 
circuit 
and 
two 
full- 


duplex 
channels 
which 
operate 
independently. 
Each 
channel 
has 
the 
read 
register, 
the 
write 
register 
and 
the 
external 
control 
circuit 
which 
is 
conneced 
to 
the 
peripheral 
LSI 
or 
the 
external 
device. 
Table 
3.1 
shows 
the 
registers 
in 
the 
SIO 
and 
their 
functions. 
Each 
channel 
has 
eight 
write 
registers 
and 
three 
read 
registers. 
Refer 
to 
3.4 
SIO programming 
for 
details. 


(1) 
Communication 
data 
path 


Fig. 
3.2 
shows 
the 
communication 
path 
of 
the 
transmit/receive 
data 
of 
each 
channel. 


1] 
Receiving 
The 
receiver 
has 
8-bit 
receive 
shift 
register 
and 
3-stage 
8-bit 
buffer 
register 
in 
FIFO 
configuration. 
Therefore, 
it 
is 
possible 
to 
get 
the 
sufficient 
time 
at 
the 
high 
speed 
data 
block 
transfer. 
Moreover, 
the 


receiver 
has 
the 
receive 
error 
FIFO 
for 
the 
purpose 
of 
holding 
the 


parity 
error, 
the 
framing 
error 
and 
the 
other 
status 
information. 
The 
receive 
data 
take 
the 
different 
paths 
according 
to 
the 
oepration 
mode and 
the 
character 
length 
as 
shown 
in 
Fig. 
3.2. 


1 
Register 
1 
Function 
1 


1----------------1-------------------------------------------------1 


1 Write 
register 
1 
CRC 
reset. 
This 
is used 
for 
the 
setting 
of 
the 
1 


1 
O(WRO) 
1 
register-pointer 
and 
command. 
I 
1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
This 
is used 
for 
the 
setting 
of 
the 
interruption 
1 


I 
l(WRl) 
I mode. 
I 


1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
Register 
for 
the setting 
of 
the vector 
which 
is 
1 


I 
Z(WRZ) 
1 
sent 
out at 
interruption 
(Channel 
B only) 
1 


1----------------1-------------------------------------------------1 


I 
Write 
register 
1 
Register 
having 
the 
parameter 
for 
the control 
1 


1 
3(WR3) 
1 
of 
receiver 
1 
1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
Register 
having 
the 
parameter 
for 
the control 
1 


1 
4(WR4) 
I 
of receiver 
and 
transmitter 
1 


1----------------1-------------------------------------------------1 


1 
Write 
register 
I 
Register 
controlling 
the 
transmitter 
1 


1 
S(WRS) 
1 
1 


1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
Register 
for the 
setting 
of 
the 
synchronous 
1 


1 
6(WR6) 
1 
character 
and 
the 
address 
field 
of 
SDLC 
1 
1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
Register 
for 
the 
setting 
of the 
synchronous 
1 


1 
7(WR7) 
1 
and 
the 
flag 
of SDLC 
I 


1 
Register 
1 
Function 
1 


1----------------1-------------------------------------------------1 


1 
Write 
register 
I 
Indicates 
the state 
of 
transmit/receive 
and 
the 
1 


1 
O(WRO) 
1 
state 
of 
terminals. 
1 


1----------------1-------------------------------------------------1 


1 
Write 
register 
1 
Indicates 
the error 
status 
and 
terminals 
number 
1 


1 
l(WRl) 
1 
code. 
1 


1----------------1-------------------------------------------------1 


1 
Write 
register 
I 
Indicates 
the content 
of the 
interruption 
1 


1 
Z(WRZ) 
1 
vector. 
(Channel 
B only) 
1 


o 
Asynchronous mode 
In the asynchronous mode, when 
the character 
length is 7 or 8 bit, the 
receive 
data 
enter 
into 3-bit 
buffer 
and when 
it is 5 or 6 
bit, 
data 
enter into 8-bit receive shift register jumping 3-bit buffer. 


o 
Synchronous mode 
In 
the synchronous 
mode, 
the data 
path 
changes 
according 
to 
the 
then 


receive 
processing 
steps. 
The 
receive 
operaiton 
begins 
at 
the 
hunt 


phase. 
In 
this 
mode, 
the 
receiver 
seeks 
the 
bit 
pattern 
which 
coincides 
with 
the 
synchronous 
character 
which 
has 
been 
programmed 
within 
the 
receive 
data. 
When 
SIO 
is 
programmed 
in 
the 
mono- 
synchronous 
mode, 
the 
receiver 
seeks 
the bit 
pattern 
which 
coincides 


with the synchronous 
character which 
is set in WR 
7. 
And when 
SIO 
is 


programmed 
in 
the 
bi-synchronous 
mode, 
the 
receiver 
seeks 
the 
bit 


pattern which 
coincides with 
the two successive 
synchronous 
characters 


which are set in WR 6 and WR7. 
When 
the 
synchronization 
is once 
settled, 
the 
subsequent 
data 
do 
not 


pass the synchronous register and so enter into 3-bit buffer. 


o 
SDLC mode 
In SDLC mode, 
the synchronous register always monitors 
the receive data 
and the zero elimination 
is carried out if necessary. 
When 
the 
synchronous 
register 
detects 
the 
successive 
five 
"1" 
within 


the receive data and the next bit 
is "0", this register eliminates 
the 


"0". 
Moreover, 
if 
the 
next 
bit 
is 
"I", 
this 
register 
monitors 
the 
second next bit. 


If this bit is "0", it must be recognized as the flag and if it is "1", 
it must be recognized as the abort sequence (the successive seven "1"). 
The 
reformatting 
data 
enter 
into 
the 
receive 
shift 
register 
through 
3-bit buffer. 
When 
the synchronization 
is once settled, the subsequent 
data take the same path regardless of the character 
length. 


Transmitting 
The 
transmitter 


shift register. 
6, WR 7 and the 


has 
8-bit 
transmit 
data 
register 
and 
20-bit 
transmit 
20-bit transmit shift register reads the data 
from WR 


transmit data register. 


o 
Asynchronous mode 
In 
the 
asynchronous 
mode, 
the data 
in 20-bit 
transmit 
shift 
register 
are sent 
to the 
transmit multiplexer 
with 
the 
start 
bit 
and 
the 
stop 
bit. 


o 
Synchronous mode 
In the synchronous mode, WR 6 and WR 7 hold the synchronous 
character. 


Furthermore, 
these contents 
are 
sent 
into 20-bit 
transmit 
register 
as 


the synchronous 
character 
at the time of 
the data block 
transmit. 
If 


the 
transmitter 
underrun 
state occurs 
during 
transmission 
of 
the data 


block, 
the 
contents 
sent 
into 
20-bit 
transmit 
register 
as 
the 
idle 
synchronous character. 


o 
SDLC mode 
In SDLC mode, WR 6 holds 
the station address and WR 
7 holds 
the flag. 
The 
flag 
(WR 
7) 
is 
sent 
into 
20-bit 
transmit 
shift 
register 
at 
the 
beginning 
and end of the frame. 
With 
regard 
to all other 
field in the 
data, 
one 
"0" 
is inserted 
after 
the 
successive 
five 
"I". 


(2) 
I/O function 
When 
the transmit/receive 
of 
the informations 
are 
carried 
out with MPU, 


one of the polling mode, 
interrupt mode or block 
transfer mode 
is chosen 
as SIO mode. 


o 
Polling 
In order 
to operate 
SIO 
in the 
form 
of 
polling 
mode, 
every 
interrupt 
modes must be inhibited. 
In this mode, MPU reads the status bit DO and 
D2 within each channel RR 0 and so checks 
the possibility 
of transmit/ 
receive. 


o 
Interrupt 
SIO 
interrupts 
are 
composed 
of 
the 
transmit 
interrupt, 
receive 
interrupt 
and 
external/status 
interrupt. 
Enabling 
and 
disabling 
the 
interrupt are executed by using 
the program. 
The 
receive 
interrupt 
is 
further divided 
into the following 
three modes. 


o 
Interrupt 
in the first receive character 


o 
Interrupt 
in the full receive character 


o 
Interrupt 
in the special receive condition 


The 
priority 
order 
of 
the 
interrupt 
of 
the 
channel 
A 
is higher 
than 


that of the channel B. 
The order 
in the same channel 
is the receive-, 


transmit- and external/status 
interrupt. 


The 
SIO 
has 
as 
well 
as 
the 
other 
peripheral 
LSI 
the 
daisy-chain 
sturcture 
interruption 
priority 
order 
control 
function 
and 
the 
interrupton 
vector 
generation 
function. 
Furthermore, 
SIOs have 
"Status 


affect 
vector" 
function. 
This 
status 
affect 
vector 
is 
the 
function 
which 
can 
output 
the 
four 
kinds 
of 
vectors 
according 
to 
the 
interruption 
factors. 


Block 
transfer 
SIOs 
have 
the 
block 
transfer 
mode 
and 
so 
can 
adapt 
the 
mode 
to 
MPU 


block 
transfer 
and DMA controller. 


W/RDY 
line 
is used 
for the block 
transfer. 
This 
line 
is used 
as WAIT 


line 
for 
MPU 
block 
transfer 
and 
is 
used 
as 
READY 
line 
for 
DMA 
block 


transfer. 
The 
ready 
output 
of 
SIOs 
can 
transmit 
the 
data 
to 
DMA 
controller. 
Further, 
the wait 
output of SIOs can not ready 
to transmit 


the data and so request 
the delay 
of the output 
cycle. 


3.2.2 
(1) 


Operation 
Asynchronous 
mode 


In 
asynchronous 
mode, 
in 
order 
to 
transmit/receive 
of 
data, 
it 
is 


necessary 
to program 
the character 
length, 
clock rate, 
interruption mode, 
etc. 
All 
these 
parameters 
are written 
into the write 
register, 
but 
only 
WR 4 should 
be programmed 
prior 
to other 
registers. 
In data 
transmit, 
it is not 
started 
until 
transmit 
enable 
bit 
has 
been 
set, but when 
auto-enable 
bit 
is set, SIOs 
start 
to transmit 
immediately 


after CTS 
terminal 
has 
become 
"0", 
so a programmer 
can 
transmit 
messages 
to SIO, needless 
to wait 
for CTS. 


The data 
format of the asynchronous 
mode 
is shown 
in fig. 3.3. 
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Transmitting 
Serial 
data 
are 
output 
from 
TxD 
terminal, 
clock 
rate 
can 
be 
programmed 
at 
any 
of 
1, 


clock rate 
furnished 
to transmit 
clock 
input 


data are output at leading edge of TxC. 


whereby 
the 
transmit ting 


1/16, 
1/32 
or 
1/64 
of 
the 
(TxC) . 
In addition, these 


2] 
Receiving 
Receiving 
operation 
of 
asynchronous 
mode 
starts 
when 
receiving 
enable 


bit 
(DO of WR 
3) is set. 
When 
receiving 
data 
input RxD 
is set 
at 
"0" 
for at least 
1/2 bit time, 
SIOs 
take 
it a start 
bit 
and 
sample 
out 
the 
input 
data 
at 
the middle 
of 
bit 
time. 
In 
addition, 
the 
sampling 
is 


carried 
out at the trailing edge of Rxc. 


When a receiver 
receives 
the data of the other character 
length than 8 


bit, 
it converts 
them 
into such 
data 
as composed 
with 
necessary 
bit, 


parity bit, and by making 
free bit as "1". 


(Example) 
The case of 6-bit character 
11 
IpIDS!D4ID3!DZIDl!DOI 


When external/status 
interruption is enabled, if it detects break state 


during 
receiving 
data, 
it 
generates 
interrupt, 
and 
then 
break/abort 
status 
bit 
(D7 of RR 0) 
is set, while 
SIOs wait 
the release 
of 
break 


state, monitoring 
the transmit data. 
Further, when no-active 
state of 
DCD 
terminal 
lasts 
longer 
than 
the 
time 
of 
a 
specified 
pulse 
width, 


interrupt is generated and DCD status bit is set at "1". 
In the polling mode, 
MPU must read out the data, detecting 
significant 
bit 
(DO of 
RR 
0) 
of 
receiving 
character. 
This 
bit 
is automatically 


reset, whenever 
it reads out a receiving buffer. 
In this mode, caution 


is 
requested 
to 
prevent 
double 
writ ing, 
by 
checking 
the 
status 
of 
transmit buffer prior to writing 
into a transmitter. 


(Z) 
Synchronous mode 
In 
the 
synchronous 
mode, 
though 
there 
are 
three 
kinds 
of 
character 
synchronization 
which 
are 
monosynchronization, 
bisynchronization 
and 
external 
synchronization, 
the 
clock 
of 
xl 
is 
used 
both 
for 
transmit/ 


receive. 
Receiving data is sampled at the trailing edge of receive clock 
input 
(RxC), 
while 
tranmsitting 
data 
varies 
at 
the 
leading 
edge 
of 


transmit clock input. 
The data format of synchronous mode is shown in Fig. 3.4 


DATA:IELD 
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Monosynchronous 
In 
this 
mode, 
when 
coincidence 
with 
synchronous 
character 
programmed 
in WR 
7 
is realized, 
synchronization 
is generated, 


the data transmit becomes possible. 


(8 
bi t) 
thereby 


In 
this 
mode, 
when 
coincidence 
with 
two 
successive 
synchronous 


characters 
programmed 
in WR 6 and WR 
7 is attained, 
the synchronization 


is 
generated, 
thereby 
data 
transmit 
becomes 
possible. 
Further, 
in 


these 
mono- 
and 
bi-synchronous 
modes, 
SYNC 
becomes 
active 
during 
the 


receive 
clock which 
detects 
the synchronous 
character. 


3] 
External 
synchronous 


In this mode, 
the synchronization 
is carried 
out 
externally. 
When 
the 
synchronization 
is 
attained, 
it 
is 
informed 
by 
SYNC 
terminal. 
In 
addi tion, 
SYNC 
input 
shou Id 
be 
kept 
at 
"0", 
unt i1 
the 
charac ter 
synchronization 
is released. 
The 
character 
configuration 
begins 
at RXC 


rising 
after 
~ 
falling. 


After 
resetting, 
510 
enter 
into 
the 
hunt 
phase, 
searching 
the 
synchronous 
character. 
If 
the 
synchronization 
becomes 
incomplete, 
it 
is possible 
to enter 
again 
into 
the 
hunt 
phase 
by 
set 
the 
enter-hunt 
phase bit 
(D4 of WR 3) at "1". 


o 
Transmitting 
a. 
Data 
transfer 
using 
interruption 
If 
transmit 
interrupt 
is enabled, 
interrupt 
is carried 
out when 
the 


transmit 
buffer 
becomes 
empty. 
As 
for 
the 
interruption 
procedure, 


the 
other 
data 
are 
written 
in 
the 
transmitter. 
In 
such 
case, 
the 


transmit 
under run 
state 
occure 
if 
the 
data 
is 
not 
yet 
prepared 
by 
some 
reason. 
b. 
Bi-synchronous 
transmitting 
In 
the bisynchronous 
mode, 
if 
data 
run 
out 
in 
a 
transmitter 
during 


the transmitting, 
replacing 
character 
is to be 
sent 
in order 
to keep 


the synchronization. 
There 
are two ways 
for that; one 
is to insert a 
synchronous 
character, 
and 
another 
is 
to 
feed 
CRC 
characters 
which 
are 
till then generated, 
and then to feed the synchronous 
character. 


The 
selection 
of the way 
is controlled 
by reset 
transmit 
underrun/EOM 
command 
in WR O. 


c. 
End of transmission 
Break 
is carried 
out 
by 
setting 
D4 
of WR 
5. 
At 
this 
time, 
data 
in 


both 
the transmit 
buffer 
and 
the shift register 
will 
go out. 


When 
external/status 
interruption 
is enabled, 
510 generates 
interrupt 
and transmit 
vector 
according 
to the state of the transmitter. 
This mode 
can be used 
for the block 
transfer. 


o 
Receiving 


a. 
Interrupt 
on first received 
character 


This 
mode 
is usually 
used 
for 
the 
block 
transfer. 
In 
addition, 
in 
this mode, 
510 generates 
interrupt 
only 
for 
the 
first 
character, 
but 
thereafter 
do not generate 
interrupt 
except under 
the special 
receive 
conditions. 
For 
the purpose 
of 
the initialization, 
it is required 
to set command 
4 of WR 0 (enable 
at next receive 
interrupt). 


b. 
Interrupt 
on all received 
character 
In this mode, 
interrupt 
is generated 
for all characters 
entering 
into 


receive 
buffer. 
When 
status 
affect 
vector 
is set, 
special 
vector 
is 
generated 
by special 
receive 
condition. 


c. 
Special 
rece~v~ng 
conditional 
interrupt 
This 
interrupt 
can 
be 
generated 
regardless 
of 
the 
selection 
of 
the 


above 
two 
ways 
of 
interrupt. 
Although 
as 
for 
the 
special 
receive 


conditions, 
there 
are 
parity 
error, 
receive 
overrun 
error, 
framing 
error, 
and 
end 
of 
frame 
(SDLC), 
the 
reset 
is 
necessary 
after 
read 
out, 
since 
these 
error 
status 
bits 
are 
latched. 
These 
error 
status 
bits 
can 
be 
reset 
by 
the 
command 6 of 
the 
WRO. 


(3) 
SDLC mode 
Though 
SID 
can 
use 
both 
protocols 
of 
SDLC and 
HOLC, since 
both 
are 
very 


much 
similar, 
here 
explanation 
is 
made 
only 
for 
SDLC mode. 


Fig. 
3.5 
shows 
the 
data 
format 
of 
SDLC mode. 
In 
SDLC mode, 
one 
data 
block 
is 
called 
"frame", 
and 
these 
messages 
are 
held 
between 
two 
flags, 
called 
open 
flag 
and 
close 
flag. 
Address 
field 


includes 
the 
address 
of 
secondary 
station, 
and 
SID 
receive 
or 
disregard 


this 
frame 
according 
to 
the 
address. 


·1 


I CRC 
1 I 
CRe 
2 ICLOSE 
FLAG I 


o 
Transmit 
t ing 
a. 
Data 
transfer 
using 
interrupt 
If 
transmit 
interrupt 
is 
set, 
whenever 
transmit 
buffer 
becomes 
empty, 


interrupt 
is 
generated. 
In 
SDLC mode, 
data 
are 
transferred 
to 
SIOs, 


by 
the 
use 
of 
this 
interrupt. 
b. 
Data 
transfer 
using 
wait/ready 
In 
wait/ready 
function, 
WAIT is 
for 
lengthening 
the 
output 
cycle 
of 
MPU when 
SID 
transfer 
buffer 
is 
not 
empty, 
while 
READY notifies 
IMA 


that 
SID 
transfer 
buffer 
is 
empty 
and 
so 
ready 
for 
receiving 
data. 


If 
data 
is 
written 
in 
transfer 
shift 
register 
prior 
to 
the 


transmitting, 
SID 
enter 
into 
the 
underrun 
state. 
Using 
this 
function, 
it 
is 
possible 
to 
transmit 
data 
to 
SIOs. 


c. 
Transmitting 
underrun/EOM 
SID, 
when 
there 
is 
no 
data 
to 
be 
transmitted 
in 
transfer 
data 
buffer, 


automatically 
terminate 
SDLC frame. 
In 
order 
to 
carry 
out 
this, 


after 
data 
run 
out, 
SIO 
at 
first 
transmit 
CRC of 
2-byte 
and 
then 


transmit 
one 
or 
more 
flags. 


After 
resetting, 
status 
bits 
of 
transmit 
underrun/EOM 
are 
set 
and 


prevent 
CRC character 
from 
inserting 
when 
transfer 
data 
run 
out. 


Using 
this 
operation, 
the 
frame 
transmission 
is 
started. 
At 
this 


time, 
transmit 
underrun/ 
EOM reset 
command 
must 
be 
set 
between 
the 


time 
of 
transmit 
of 
the 
first 
data 
and 
the 
end 
of 
data. 
By doing 
this, 
reset 
state 
is 
generated 
at 
the 
end 
of 
message, 
so 
CRC 


characters 
are 
automatically 
transmitted. 


d. 
CRC generation 


is written 
into 
SIOs. 
Further, 
transmit 
CRC 
enable 
bit 
(DO 
of 
WR 
5) 
must 
be 
set 
prior 
to 


address 
field 
writing. 


e. 
End 
of 
transmit 


While 
transmitting, 
if 
the 
transmitter 
is 
disabled, 
though 
the 
data 
under 
transmitting 
at 
that 
time 
are 
transmitted 
without 
any 
change, 
the 
transmitter 
enters 
into 
the 
marking 
state 
thereafter. 


Even 
if 
a 
transmitter 
is 
disabled, 
characters 
in 
the 
buffer 
remain, 


but 
when 
abort 
command 
is written 
in 
command 
register, 
abort 
sequence 


becomes 
significant 
and 
then 
all 
data 
go 
away. 


o 
Receiving 
In 
receiving 
mode, 
the 
initial 
setting 
of 
several 
parameters 
is 


necessary. 
Address 
field 
is 
written 
in 
WR 
6, 
and 
flag 
character 
in 
WR 
7. 
When 
a 
receiver 
receives 
open 
flag, 
it 
compares 
the 
content 
of 
address 


field 
following 
the 
flag 
with 
the 
address 
set 
in WR6 
and 
global 
address 
("1111 111ll. 
If 
address 
field 
in 
frame 
coincides 
with 
either 
one 
of 
the 
above 
two, 
SIOs 
start 
receive. 


a. 
Interrupt 
on 
first 
received 
character 
This 
mode 
is 
used 
for 
the 
block 
transfer, 
which 
usually 
uses 
WAIT/ 


READY 
function. 
In 
this 
mode, 
SiOs 
generate 
interruption 
only 
to 
the 
first 
character. 


Further, 
since 
status 
flag 
of 
this 
interruption 
is 
latched, 
it 
is 


necessary 
to 
set 
command 
4 
(enable 
at 
next 
receiving 
character) 
of 
WR 
o 
beforehand, 
in 
order 
to 
initialize 
again. 
When 
external/status 
interruption 
is 
set, 
interruption 
is 
generated 
at 
every 
change 
of 
DCD. 
In 
addition, 
interruption 
is 
generated 
under 
special 
receive 
conditions. 


b. 
Interrupt 
on 
all 
received 
character 


In 
this 
mode, 
SIO 
generates 
interrupt 
to 
all 
characters 
received. 
In 
additioon, 
when 
status 
affect 
vector 
has 
been 
set, 
special 
vector 
is 
generated 
to 
interruption 
under 
special 
receive 
conditions. 


c. 
Special 
receive 
condition 
interrupt 


When 
special 
receive 
conditions 
are 
used, 
it 
is 
necessary 
to 
select 


beforehand 
either 
of 
interrupt 
by 
first 
received 
character 
or 
interrupt 
by 
all 
received 
characters. 
Among 
interrupt 
under 
special 
receive 
conditions, 
status 
of 
receive 
overrun 
is 
latched. 
Reset 
of 
status 
bit 
is 
carried 
out 
by 
error 
reset 
command 
(command 
of 
WR 
0). 
d. 
CRC 
check 
The 
CRC 
checker 
is 
reset 
when 
it 
receives 
the 
leading 
open 
flag 
of 


frame, 
and 
carries 
out 
CRC 
calculation 
of 
the 
following 
characters, 
continuing 
to 
close 
flag. 
In 
SDLC 
mode, 
as 
transmitting 
CRC 
is 
inverted, 
special 
check 
sequence 
is 
used. 
Check 
must 
be 
ended 
with 
"0001 1101 0000 1111". 


Since 
SIO 
processes 
CRC 
characters 
as 
data, 
MPU 
must 
discard 
them 
after 
reading. 


e. 
End of rece ive 
When SIO receives 
close 
flag, 
end of 
frame bit 
is 
set 
and this 
fact 
indicates 
that 
the 
close 
flag 
has 
been 
received. 
Further, 
if 
the 


status 
affect 
vector 
is 
set 
at 
this 
time, 
interrupt 
under 
special 
receiving 
conditions 
is 
generated 
and the vector 
is 
transmitted. 


At any frame, 
abort 
can be carried 
out 
by abort 
transmit. 
Further, 


if 
external/status 
interrupt 
has 
been set 
at 
this 
time, 
interrupt 
is 


generated 
and break/abort 
bit 
in RROis 
set. 


C/J)~ 
0 
ff, IORQ,=O 


RD=l 


C/J)~l 


CE, 
IORQ,=O 
RD=O 


D N 


PARITY 
BIT 


STOP 
BIT 
III 


C/i5~l 


CE.IOR"~O 
RD~O 


1. ADDRESS(DO-D7) 


2. TRANSMIT 
DATA 
(DO-D7) 


----1 
CRC 
(DO-Dl5) 


C/D~1 
CE.IOR«-O 


R!i- 0 


C/o-O 
CE.IOR«~O 


RD=l 


- - - -1 
C R C ( 
DO - 
D15) 


3.3.2 
Basic 
timing 
Fig. 
3.7 
is 
the 
timing 
diagram 
when data 
or commandare 
written 
into 
SID 


from MPU. 
Fig. 
3.8 
is 
the 
t1m1ng diagram when MPUreads 
data 
from SID. 


Fig. 
3.9 
shows that 
when MPUaccepts 
an interrupt 
request 
of 
SID, as 
the 


acknowledge 
signal, 
IORQ terminal 
is 
made "0" within 
a couple 
of 
clocks 


after 
M1 terminal 
is made "0". 


In order 
to hold 
the 
state 
under 
interruption 
service 
at 
daisy-chain, 
the 


state 
of 
interruption 
request 
cannot 
be 
changed 
as 
long 
as 
M1 remains 


act ive. 
Figure 
3.10 
is 
the 
timing 
diagram 
of returning 
from interruption. 
Figure 
3.11 
shows the 
state 
of daisy-chain. 
At 
first, 
the 
period 
during 
interruption 
service 
of 
SIO is 
considered. 


After 
Ml becomes 
act ive, 
by 
interruption 
request 
of 
PIO 
immediately 


before 
the 
deconding 
of 
"EDH" in 
the 
first 
byte 
of 
RETI instruction, 


"IEO" of PIO becomes "0". 
However, 
interruption 
request 
of 
PIO is 
not 


acknowledged, 
because 
"EDH" is 
decoded. 
Therefore, 
"IEO" of PIO returns 


to 
"111. 


By decoding 
"4DH" at 
the 
2nd 
byte, 
"IEO" 
of 
SIO 
returns 
to 
"1". 


Therefore, 
"lEI" 
and "IEO" of peripheral 
LSI at 
this 
time become "1", 
and 


so 
they 
enter 
into 
the 
state 
under 
no 
interruption 
service. 
PIO keeps 


INT terminal 
at 
"0" 
until 
this 
state 
is 
realized. 
Under 
this 
state, 


interruption 
starts 
from 
the 
peripheral 
LSI 
of 
higher 
interruption 


priority 
order. 


I 


I 
I 
I 


I 
I 
I 


_____________ 
XWR1TE DATA><====, 


TW 
T3 
T4 


/ 
\ 
/ 


I 
I 


: \----~~~~ 


I 


____________ 
~_<INTERRUPTION)~----- 
. 
VECTOR 
. 


Ill" 
"I" 
Ill" 
"~T 
"0" 
I_ I 
1 
1 
I 
1---- 1 
1 
1 
1--1 
1 
1 
1 PIO 
I 
1 
1--1 510 1--1 
1 
---- 
lEI 
lEa 
lEI 
lEa 
lEI 
lEa 
IE-I---IEO 
lEI 
lEa 


"l" 
"l" 
-1- 1--1 
I 
-1 
'--1 
PIa I-I 


1 
I 
I-I 


I 
1 
1-1_- 


Status 
where 
PIa 
has 
requested 
decode 
tlED". 
By the request of PIa for interruption lEa of PIa becomes 
"0". 


"d..xNT 
"0" 
"0 
"0" 
I 
1 
1 
1--1 
1--1 
1--1 
___ 1--1 PIa 
I--I 
I--I~I--I 
I 


As 
"EDH" 
has 
been 
decoded, 
the 
interruption 
request 
of 
PIa 
is 
acknowledged. 
Therefore, 
lEa of PIa returns to "1". 


"1" 
"1" r 
INT 
"1" 
"1" 
"0" 
- 
-- 
~ 
--I 
1--1 
1--1 
1-1 
1-1PIa I-I 
I-I~I-I 
I 


As "4DH" has been decoded, lEa of SIOs becomes "1". 


"1" 
"d..xNT 
"1" 
"1" 
"1" 
-1- 1----1 
I 
I 
1----1 
1----1 
1----1 
-I 
I-I~I-I 
I-I~I-I 
I 


Interruption 
request by PIa is acknowledged, 
and the lEa of PIa becomes 


liD". 


"I" 
"lit 
liD" 
"0" 
"0" 
T_I---I_I~I_I---I_I~I_I---I 
1__ 
' 
1__ 
1 
1__ 
1 
1__ 
1 
1__ 
1 


3.4 
SIO programming 
Here, 
the 
meanings 
of 
each 
write 
register 
and 
read 
register 
are 


specifically explained with regard to each bit. 
It should be noted 
that 
parameter 
of 
write 
register 
(WR 4) must 
have 
been 
set 
prior 
to 
other 


parameters. 
In 
addition, 
there 
are 
such 
registers 
that 
are 
used 
for 
only 
single 


channel. 


I 
I 


D7 
D6 
D5 
D4 
D3 
I 
D2 
Dl 
DO 
I 
I 
I 
I 
I 
CRC 
I 
I 
Reset code 
Basic command bit 
I Register pointer bitl 
I 
I 
I 
I 
I 
I 
I 


DO - D2: 
Register pointer bit 
These 
bits 
specify 
the registers 
to be written 
in or 
read 
out 
at 
the 


next 
byte. 
When 
write 
or 
read 
have 
ended, 
the 
register 
pointer 
specifies WR o. 
D3 - D5: 
Basic command bit 


Command 0 (=000): 
No operation 
This 
command 
is for setting register pointer without 
operating 
SIO. 
This 
is 
used 
for 
reserving 
the 
space, 
in 
case 
there 
is 
any 


possibility 
of 
invalidating 
some command 
among 
the command 
chain 
to 


SIO or inserting command at some part of the command chain. 


Command 1 (=001) : 
Abort generation 


This command is used in order to generate abort sequence (sequence of 
success ive "1" of more than n. 
This command is used for SDLC only. 


Command 2 (=010): 
External/status 
interruption reset 


Once 
external 
interrupt 
or 
status 
interrupt 
occurs, 
status 
bits 
of 


RRO 
are 
latched. 
This 
command 
enables 
status 
bits 
of 
RRO 
for 


permitting the interrupt again. 
Command 3 (=011): 
Channel reset 


This 
command 
operates 
same 
as 
reset 
signal 
is 
given 
at 
"RESET" 
terminal. 
The 
difference 
between 
them 
is that 
this command 
resets 
single 
channel 
only. 
Further, 
command 
to 
channel 
A 
also 
reset 
interruption 
priority 
circuit. 
Command 4 (=100): 
Enabling 
the 
interruption 
at 
the 
time 
of 
next 


character 
receive 
This command is used, when the end of block in data block is detected 
and 
next 
data 
block 
is 
received 
and 
interruption 
generation 
is 


desired. 
Command 5 (=101) 
Transmitter 
interruption hold reset 


In transmitter 
interruption enable mode, when transmit buffer becomes 


empty, 
interruption 
is generated. 
But, 
if 
there 
is no 
data 
to 
be 


sent, 
this 
command 
is 
used 
in 
order 
to 
suppress 
the 
transmitter 
interruption generation. 


Command 6 (=110): 
Error reset 


Errors 
committed 
during 
block 
transmit 
(parity 
error 
and 
overrun 
error) 
are 
latched 
at 
04 
and 
05 
of 
RR 
1. 
This 
command 
is 
used 
to 


clear 
them. 
Command 
7 (=111): 
Return 
from 
interruption 
This 
command 
operates 
same 
as 
it 
executes 
RETI 
instruction 
on 
SID 


data 
bus. 
Therefore, 
even 
in 
MPU 
other 
than 
Z80 
MPU 
(systems 
not 


using 
RETI 
interruption), 
daisy-chain 
in 
SID 
can 
be 
used. 
This 


command 
is for channel 
A only. 


06 - 07: 
CRC 
reset 
code 


These 
two 
bits 
are 
able 
to 
select 
one 
of 
receive 
CRC 
checker 
reset, 


tranbsmitter 
CRC 
generator 
reset 
and 
transmitter 
underrun/EOM 
reset. 


Reset 
command 
No 
ope rat ion 
Reset 
the 
receiving 
CRC 
checker. 
Reset 
the 
transmitter 
CRC 
generator 
Reset 
the 
transmitter 
underrun/EOM 


I 
I 
I 
07 
06 
I 
05 
I 
04 
03 
02 
01 
DO 
I 
I 
I 
I 
I 
I 
I 
I 
Wait/ready 
I 
IStatusITrans-IExter-1 


I 
IRe- 
I Receiving 
laffectlmitterlnal 
I 
I 
I 
I ceiv- 
I interruptionlvectorlinter-Istatusl 


IEnablelFunc- 
ling 
I mode 
I 
Irup- 
I inter-I 


I 
Ition 
Itrans-I 
I 
Ition 
I rup- 
I 
I 
Iselec-Imit- 
I 
I 
lenableltion 
I 
I 
Ition 
Iting 
I 
I 
I 
I enable I 
I 
I 
Iselec-I 
I 
I 
I 
I 
I 
I 
Ition 
I 
I 
I 
I 
I 


DO: 
External/status 
interrupt 
enable 
When 
this 
bit 
is 
set, 
interrupt 
can 
be 
generated 
at 
the 
time 
of 
synchronous 
character 
transmitter 
start 
even 
in 
such 
case 
as 


break/abort 
has 
been 
detected 
and 
finished, 
OCO, 
CTS 
or 
SYNC 
signals 


have 
changed, 
or 
transmitter 
underrun/EOM 
latch 
has 
been 
set. 
01: 
Transmit 
interrupt 
enable 


If 
this 
bit 
is 
set, 
transmit 
interrupt 
is 
generaetd 
when 
transmit 


buffer 
becomes 
empty. 
02: 
Status 
affect 
vector 


When 
this 
bit 
is 
set, 
01 
- 
03 
(VI-V3) 
of 
WR 
2 
varies 
according 
to 
interrupt 
conditions. 


When 
this 
bit 
is 
not 
set, 
interrupt 
vector 
is 
sent 
with 
the 
same 
content 
as 
in WR 
2. 
This 
bit 
can 
be 
used 
for 
channel 
B only. 


03-04: 
Receive 
interrupt 
mode 
This 
bit 
can 
select 
receiving 
interrupt 
mode. 


DS-D7: 
Wait/ready 
function 
selection 
(DS-D7) 
By these 
three 
bits, 
the 
selection 
of 
function 
of W/RDY 
terminal 
at 
510 
is carried 
out. 
Wait/ready 
function 
is not 
used 
at 
the 
same 
time, 
since 
it 
is selected 
according 
to the program. 
The 
semantics 
of each 
of 
these 
three 
bits 
are: 
o 
When 
DS 
is set, 
they 
mean 
receive, 
whereas 
reset 
means 
tranmmit. 
o 
When 
D6 
is set, 
this 
means 
READY 
terminals, 
and 
while 
reset, 
this 
means 
WAIT 
terminal. 


o 
When 
D7 
is 
set, 
Wait/ready 
function 
becomes 
enable, 
while 
reset, 
becomes 
disable. 


This 
means, 
for 
example, 
when 
D7, 
D6 
and 
DS 
are 
110 
and 
transmitter 
buffer 
is 
full, 
READY 
output 
becomes 
"1", 
and 
when 
tramsmitter 
buffer 
is empty, 
READY 
terminal 
becomes 
"0". 


The 
above 
(D3-D4 
and DS-D7) 
is summarized 
in the 
table 
below. 


Receiving 
interrupt 
mode 
D4 
D3 


Receiving 
interrupt 
disab Ie 
0 
0 


Interrupt 
in first 
character 
rece iving 
or *special 
0 
1 
receiving 
condition 
Interrupt 
in character 
receiving 
or special 
0 
receivin 
condition 


Interrupt 
in character 
rece iving 
or 
special 


receiving 
condition 


(However, 
except 
parity 
error) 


* 
The 
special 
receiving 
conditions 
are 
as 
follows: 
o 
End 
of 
frame 
(SDLC 
mode 
only) 
o 
Receiving 
overrun 
error 
o 
Parity 
error 
o 
Framing 
error 


WAIT/READY 


Function 
H/L 
Level 
Terminal 
Condition 
D7 
D6 
DS 
At 
floating 
WAIT 
active 
0 
Low 
0 
READY 
High 
Low 
Transmi tter 
buffer 
is full 
and 
WAIT 
510 
data 
port 
have 
been 
0 
0 


selected. 


Floating 
Tranmsitter 
buffer 
is empty. 
READY 
High 
Transmitter 
buffer 
is 
full. 
0 


Low 
Transmitter 
buffer 
is em 
t 


Float ing 
Receiving 
buffer 
is full. 


WAIT 
Receiving 
buffer 
is empty 
and 
0 


Low 
510 
data 
port 
have 
been 


selected. 
READY 
Low 
Rece iving 
buffer 
is full. 


High 
Receiving 
bugger 
is empty. 


MPUZSO-2S0 


WR2: 
Write 
register 
2 


Table 
3.7 
Composition 
of Write 
Register 
2 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


Interruption 
Vector 


V7 
V6 
V5 
V4 
V3 
V2 
VI 
VO 


When 
the 
status 
affect 
vector 
bit 
is set, 
V3 
to VI 


change 
according 
to the 
interruption 
condition. 


This 
write 
register 
is an 
interruption 
vector 
register. 
When 
D2 
of WR 
1 
is not 
set, 
interruption 
vector 
is 
sent. 
When 
D2 
of 
WR 
1 
is 
set, 


DI-D3 
(VI-V3) 
varies 
according 
to 
interruption 
generate 
conditions. 
In 
this 
case, 
the 
content 
of WR 
2 remains 
unchanged. 
Further, 
since 
WR 
2 exists 
in 
channel 
B 
only, 
programming 
of 
WR 
2 
of 
channel 
B 
is necessary 
even 
if only 
channel 
A of SIO 
is used. 
The 
following 
Table 
(3.8) 
shows 
the 
V3 
to 
VI 
of 
an 
interrupt 
vector 
when 
the 
status 
affect 
vector 
bit 
is set. 


Table 
3.8 
Codes 
according 
to 
interruption 
generate 
conditions 


of each 
channel 


Interruption 
generate 
condition 
In case 
transmitter 
buffer 
is empty. 
In 


I 
is effective. I 
condition 
I 


* 
The 
special 
receiving 
conditions 
are 
as 
follows: 
o 
End 
of 
frame 
(SDLC mode 
only) 
o 
Receiving 
overrun 
error 


o 
Parity 
error 
o 
Framing 
error 


I 
I 
I 
I 
I 
I 
I 
I 
I 
D7 
I 
D6 
D5 
I 
D4 
I 
D3 
I 
D2 
I 
Dl 
I 
DO 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
ISyn- 
I 
I 
I 
Receiving 
IAuto 
I 
Enter I Re- 
IAd- 
I chro- 
I Re- 
I 
I 
bit/cha- 
lenablel 
hunt 
Iceiv- 
Idress 
Inous 
Ice iv- I 
I 
rac te-r 
I 
I phase ling 
Isea rch I cha r- 
ling 
I 
I - 
I 
I 
I 
\CRC 
Imode 
lacter 
lenablel 
I 
I 
I 
I 
lenablel 
Iload 
I 
I 
I 
I 
I 
I 
I 
I 
I inh ibi I 
I 
I 
I 
I 
I 
I 
I 
Ition 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 


DO: 
Receiving 
enable 
When 
this 
bit 
is set, 
receiving 
operation 
starts. 
This 
bit 
is 
used 
for 
starting 
rece1v1ng 
operaiton, 
so 
it 
must 
be 
set 
after 
all 
receiving 
program 
are 
complete. 


Dl: 
Synchronous 
character 
load 
inhibition 


In synchronous 
mode, 
if this 
bit has 
been 
set, 
synchronous 
character 
is 
not 
loaded 
on 
transmitter 
buffer. 
D2: 
Address 
search 
mode 
When 
SDLC 
mode 
is 
selected 
and 
this 
bit 
is 
set, 
any 
message 
having 


programmed 
address 
in WR 
6 
or 
other 
address 
than 
global 
address 
(FFH) 


is 
not 
received. 
Therefore, 
receive 
interruption 
does 
not 
occur 
until 


the 
addresses 
coincide. 
D3: 
Receiving 
CRC 
enable 
When 
this 
bit 
is set, 
CRC 
calculation 
starts 
at 
the 
time 
of 
the 
start 
of 
transmitter 
of 
the 
last 
data 
to 
the 
receiving 
buffer 
from 
the 


receiving 
shift 
register. 


D4: 
Enter 
hunt 
phase 
When 
synchronization 
settling 
is 
needed, 
SID 
enter 
into 
hunt 
phase 
by 


setting 
this 
bit. 
In 
addition, 
once 
synchronization 
is 
settled, 
the 


hunt 
phase 
is released 
automatically. 


D5: 
Auto 
enable 
If 
this 
bit 
is 
set, 
transmitter 
is 
enabled 
when 
CTS 
terminal 
is 
"0". 
Further, 
when 
DCD 
terminal 
is "0", 
receiver 
is enabled. 
D6-D7: 
Receiving 
character 
length 
These 
bits 
specify 
the 
receiving 
bit 
number 
which 
composes 
one 


character. 
The 
table 
below 
shows 
the 
bit 
numbers 
per 
one 
character. 


Bit number/Character 
D7 
D6 
5 
0 
0 
6 
0 
1 
7 
1 
0 


8 
1 
1 


I 
I 
I 
I 
I 
07 
I 
06 
05 
I 
04 
03 
I 
02 
01 
I 
00 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Parity 
I 
Clock mode 
Synchronous 
Stop bit 
Even/ 
I 
mode 
odd I Enable I 
I 
I 


DO: 
Parity selection 
When 
this 
bit 
is 
set, 
1 
bit 
transmitter 
data 
is 
added 
to 
the 
bit 
numbers which 
are specified 
in 06-07 
of WR 
3 and 
then 
this 
added 
bit 
number is received. 
Further, 
if the 
selected 
character 
length 
is other 
than 
8 
bits, 
the 
added 
parity 
bit 
is 
set 
at 
MSB 
side 
of 
data 
bit 
and 
then 
will 
be 


transferred to receiving data FIFO. 
When 8 bits of character length is selected, the parity bit will not be 
transferred to receiving data FIFO. 


01: 
Parity polarity 
When 
parity 
is 
selected 
by 
this 
bit, 
it must 
be 
determined 
whether 
transmittance and check are carried 
out at even number or odd number. 
(even number = 1, odd number 
= 0) 
02-03: 
Stop bit length 
Stop bit length at asynchronous 
mode 
is selected by 
these bits. 
Both 
of 02 and 03 are set at "0" in synchronous mode. 


Stop bit 
Synchronous mode 
1 stop bit/character 
1.5 stop bit/character 
2 stop bit/character 


04-05: 
Synchronous mode 


Synchronous mode 
is selected by these bits. 


Synchronous mode 
I 
03 
02 
8 bits Synchronous model 
0 
0 
16 bits synchronous 
I 
0 
1 
mode 
(bisynch mode) 
I 


SOLC mode 
(Flag char- 
I 
0 
acter:7FH) 
I 
External synchronous 
I 
mode 
I 


06-07: 
Clock mode 
Scale factor between transmitter/receiving 
clock and data transfer rate 
is selected 
by 
these 
bits. 
Besides, 
xl 
clock 
mode 
must 
be 
used 
in 
shynchronous mode. 
But, in asynchronous mode, 
the same scale factor is 
used at transmitter and receiving area. 


Table 3.14 
Codes according 
to Clock Mode 


Clock 
Mode 
07 
06 
(Oata Transfer Rate) 
x 
1 data transfer rate 
0 
0 
x 16 data transfer rate 
0 
1 
x 32 data transfer rate 
1 
0 
x 64 data transfer rate 
1 
1 


I 
I 
I 
07 
06 
I 
05 
04 
03 
02 
I 
01 
00 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
OTR 
Transmitter 
ITrans-ITrans-ICRC-161 RTS 
ITrans-1 
/character 
Imitterlmitterl/SOLC I 
Imitterl 
I 
Ibreak I enable I 
I 
ICRC 
I 
I 
I 
I 
I 
I 
lenablel 


00: 
Transmitter 
CRC enable 
When 
transmitter 
data 
are 
loaded 
from 
transmitter 
data 
buffer 
into 
transmitter 
shit 
register, 
if 
this 
bit 
is 
set, 
CRC 
calculation 
for 
these data 
is carried out. 
In synchronous mode 
or SOLC mode, 
if this 


bit 
is not 
set, 
CRC 
calculation 
and 
transmission 
of 
the 
transmitter 
underrun 
state 
are 
not 
carried 
out. 
01: 
Transmitter request 
When 
this bit is set, RTS 
terminal becomes 
"0". 
If not, RTS 
terminal 
becomes 
Ill". 
In 
asynchronous 
mode, 
when 
tranmsitter 
buffer 
becomes 
empty, 
RTS 
terminal becomes "1". 
In synchronous mode 
and SOLC mode, 
RTS terminal 
state follows this bit state. 
02: 
CRC-16/S0LC 
When 
this bit 
is set, CRC-16 multiple 
term expression 
(X**16+X**15+X** 


2+1) 
is 
selected. 
When 
this 
bit 
is 
reset, 
CRC-CCITT 
multiple 
term 
expression 
(X**16+X**12+X**5+1) 
is selected. 
03: 
Transmitter enable 
If this bit is set, the transmitter is enabled. 
Moreover, 
even if this bit 
is reset 
after 
data transmitter 
start, 
all 
of synchronous character and data in progreses of transmit. 
04: 
Transmitter break 
If 
this 
bit 
is 
set, 
whatever 
data 
are 
transmitted, 
transmitter 
data 
line (TxO terminal) is forced to become the space state. 
If this bit is reset, TxO becomes the marking 
state. 
05-06: 
Transmitter character 
length 
These bits indicate the transmitter data character length. 


Bit number/Character 
D6 
D5 
Max. 5 
0 
0 
7 bits 
0 
1 
6 bits 
1 
0 
8 bits 
1 
1 


As 
shown 
in Table 
3.16, when 
bits below 
than 5 
(4 bits, 
3 bits 
etc.) 
per 1 character are transmitted, D5 and D6 are expressed as "0", but it 
is impossible 
to understand 
how 
many 
bits 
do 
data 
have. 
Therefore, 


data 
character 
should 
be 
treated 
according 
to 
the 
aftermentioned 


format. 
Now, D means the data. 


Table 
3.17 
Transfer Format in case of max. 5 bits 
transmitter 
data 


Transmitter bits/Character 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
1 
1 
1 
1 
1 
0 
0 
0 
D 
2 
1 
1 
1 
0 
0 
0 
D 
D 
3 
1 
1 
0 
0 
0 
D 
D 
D 
4 
1 
0 
0 
0 
D 
D 
D 
D 
5 
0 
0 
0 
0 
D 
D 
D 
D 


D7: 
Data terminal ready 
This bit indicates the state of DTR terminal. 
When 
this 
bit 
is 
set, 
the 
state 
of 
OTR 
terminal 
becomes 
"0", 
when 
reset, 
it 
becomes 
Ill". 


I 
D7 
06 
D5 
D4 
D3 
I 
D2 
01 
DO 
I 
I 
S 
Y 
N 
C 


6 
5 
4 
3 
2 
0 


This register is programmed 
in accordance with the following state: 
o 
External syncrhronous mode 
..... 
Transmitter 
synchronous character 


o 
Mono-syncrhronous 
mode 
•........ 
Transmitter 
synchronous character 


o 
Bi-syncrhronous 
mode 
First 
synchronous 
character 


o 
SDLC mode 
•..•...•.•••.•......• 
Slave station address 


TOSHIBA 
TMPZ84C40P/TMPZ84C41P/TMPZ84C42P 


WR 
7: 
Write register 7 


Table 
3.19 
Composition of Write Register 
7 


I 
D7 
D6 
DS 
D4 
D3 
I 
D2 
Dl 
DO 
I 
I 
S 
y 
N 
C 


15 
14 
13 
12 
11 
10 
9 
8 
(7) 
(6) 
(5) 
(4) 
0) 
(2) 
(1) 
(0) 


This register is programmed 
in accordance with 
the following state: 
o 
Mono-syncrhronous 
mode 
......•.. 
Receiving synchronous character 
o 
Bi-syncrhronous mode 
Second synchronous character 
o 
SDLC mode 
.....•..•.....••..... 
Flag character 
(7EH) 


I 
I 
! 
D7 
D6 
I 
DS 
I 
D4 
D3 
D2 
Dl 
I 
DO 
I 
I 
I 


I 
I 
I 
I 
I 
Ib- 


I BreaklTrans-1 
CTS 
I SYNC 
DCD 
ITrans-1Inter-Iceiv- 


I/abortlmitterj 
!/Hunt 
Imitterlrup- 
ling 
I 
lunder I 
I 
Ibufferltion 
Ichar- 


I 
Irun/ 
I 
1 
lempty Ipend- lacter I 
I 
IEOM 
I 
I 
I 
ling 
leffec-I 
I 
I 
I 
I 
I 
I 
Itive 
I 


1 
-- 
1 


DO: 
Receiving character effective 
When 
there 
is 
any 
character 
of 
more 
than 
1 
byte 
in 
the 
receiving 
burrer, 
this bit 
is set. 
When 
the receiving 
buffer has 
become empty, 
this bit is reset. 


Dl: 
Interruption pending 
When 
the 
interruption has 
occurred within 
SIO 
regardless 
of 
the kinds 
of the interruption conditions, 
this bit is reset. 
Moreover, 
this bit 
is effective 
for the channel A only. 
D2: 
Transmitter 
buffer empty 
When the tramsmitter data buffer 
is empty or SIO is reset, this bit 
is 
set. 
However, 
only when 
CRC character 
is sent 
in the synchronous mode 
and 
in SDLC mode, 
this bit is reset. 


D3: 
Data carrier detect 
This 
bit 
indicates 
the DCD 
terminal 
input 
status. 
if 
the 
external/ 
status interruption is generated, the value of this bit is latched. 


D4: 
Sync/hunt 
The meaning of this bit differs according 
to the operation mode. 


i) 
Asynchronous mode 
In 
this 
mode, 
the 
SYNC 
terminal 
status 
of 
the 
SIO 
is 
shown. 
The 


external/status 
interruption 
is generated 
by 
the 
SYNC 
terminal 
status 


change. 
ii) 
External synchronous mode 


If synchronized 
through the detection 
of external 
synchronization, 
the 


bit must be changed to "0" at the trailing edge of the second RxC 
from 
the 
trailing 
edge 
of 
RxC 
which 
recevied 
the 
last 
bit 
of 
that 


synchronous 
character. 
That 
is, to make 
"SYNC" 
input 
to 
"0" 
in the 
external 
circuit 
after 
detection 
of 
the 
synchronization, 
it 
is 
necessary 
to wait 
completely 
2 
receiving 
clock 
cycles. 
When 
"SYNC" 
input becomes "0", the sync/hunt bit is set. 
If the synchronization 
is 


lost or end of message 
is detected, the enter hunt phase bit is set. 


iii) 
Internal synchronous mode 


In Monosynchronous 
and 
Bisynchronous 
modes, 
this bit 
is 
first 
set 
at 
"1" 
by 
the 
enter 
hunt 
phase 
command 
(D4 
of 
WR3). 
After 
the 
SIO 


detected the synchronous character, this bit is reset. 
iv) 
SDLC mode 
This 
bit 
is 
set when 
the 
receiver 
is 
disabled 
or 
by 
the 
enter 
hunt 


phase 
command. 
Thereafter, 
when 
the 
open 
flag 
of 
the 
frame 
is 


detected, 
this bit is reset. 


D5: 
CTS (clear to send) 
This 
bit 
indicates 
the 
status 
opposite 
to 
the 
CTC 
terminal 
input 
status. 
D6: 
Transmitter under Run/EOM 
When SIO is reset (including channel reset), this bit is set. 
This bit 
can be reset only by the reset transmitter under 
run/EOM latch command 
(D7, D6 of WR 0=11). 
When 
the 
transmitter 
under 
run 
status 
is 
caused, 
the 
external/status 
interruption is also generated. 
This 
bit 
is also used 
for controlling 
transmission 
in the synchronous 


and SDLC modes. 


D7: 
Break abort 
In the receiving 
in asynchronous mode, 
tihs 
bit 
has 
a meaning 
of 
the 


break status detection. 
Detection 
of 
the break 
status 
sets this bit, 
generating 
the external/status 
interruption, while 
the external/status 


interruption reset command resets this bit. 
After 
the 
break 
ended, 
the 
external/status 
interruption 
is 
again 


generated. 
In 
case 
of 
the 
SDLC mode, 
detection 
of 
the 
abort 
sequence 
sets 
this 


bit, generating the external/status 
interruption. 


I 
I 
I 
I 
I 


D7 
I 
D6 
I 
D5 
D4 
I 
D3 
D2 
I 
Dl 
DO 
I 


I 
I 
I 
I 
I 
I 
I Re- 
I 
I 
I 
I 
All 
I 


End 
I CRC/ 
I ceiv-I Parityl 
Fraction 
char-I 
of 
I fram-I 
ing 
I errorl 
I 
I 
I acterl 
frame I 
ing 
I 
over-I 
I 
I 
I 
Itrans-I 


I errorl 
run 
I 
I 
I 
I 
Imis- 
I 


I 
I errorl 
I 
I 
I 
Ision 
I 
I 
I 
I 
I 
I 
I 
I 
I 


DO: 
All 
character 
transmission 
In 
the 
asynchronous 
mode, 
when 
all 
charac ters 
are 
sent 
out 
of 
the 


tramsmitter 
or 
when 
there 
is 
no 
transmitted 
data 
in 
the 
510, 
this 
bit 
is 
set. 
Furhter, 
in 
the 
synchronouss 
mode 
this 
bit 
is always 
kept 
set. 


Dl 
- D3: 
Fraction 
codes 
Since 
I 
Field 
is 
normally 
integer 
times 
of 
character 
length, 
if 
not 
integer 
times, 
these 
codes 
show 
last 
fragmentary 
bits. 
These 
codes 
are 


significant 
only 
for 
transfer 
in 
which 
end-of-frame 
bit 
is 
set 
in 
the 


SDLC 
mode. 


Example) 
Two 
cases 
that 
[1] number 
of 
bits 
of 
one 
character 
at 
the 
end 
of 


I Field 
is 8 
(0) 
bits 
and 
[2] 4 
bits 
are 
shown 
in Fig. 
3.12. 


Further, 
the 
fragmentary 
codes 
for 
receiving 
characters 
in 
length 
of 
8 


bits/character 
are 
as 
follows: 


Table 3.22 (a) 
Bit pattern according 
to last fragmentary bits in I field 


Last fraction bits in I fiedd 
D3 
D2 
Dl 
1 byte before 
2 byte before 


0 
3 
1 
0 
0 
0 
4 
0 
1 
0 


0 
5 
1 
1 
0 
0 
6 
0 
0 
1 
0 
7 
1 
0 
1 


0 
8 
0 
1 
1 


1 
8 
1 
1 
1 
2 
8 
0 
0 
0 


Even when 
length of I field receiving 
characters 
is other 
than 8 bits, 
a similar table can be composed 
for each character 
length. 


Table 3.22 (b) 
Bit pattern according 
to data bits per I character 
(In case of no fraction) 


bitlcharacter 
03 
D2 
DO 
5-bit/character 
0 
0 
1 
6-bit/character 
0 
1 
0 
7-bit/character 
0 
0 
0 
8-bit/character 
0 
1 
1 


D4: 
Parity error 
When 
the parity 
selecting 
bit 
(Do of WR4) 
is set, 
if 
parity error 
is 


detected 
in 
receiving 
data, 
this 
bit 
is 
latched. 
The 
latch 
can 
be 


released by the error reset command 
(D5, D4, D3 of WR 0=110). 
05: 
Receive overrun error 
Receiving data FIFO is set up 
to 3 characters. 
If there is no read by 


MPU 
and more 
characters 
are 
received, 
these characters 
are 
set as 
the 


receiving FIFO. 
When 
these characters 
are 
read out by MPU, 
this receive 
overrun 
error 


is set. 
Once set, this bit latches its status. 
This bit is also reset 
if the error reset command 
(WRO D3 - 05 commands) 
is written. 


06: 
CRC/framing 
error 
In 
the asynchronous 
mode, 
if a 
framing 
error 
is detected 
in received 


characters, 
this bit 
is 
set. 
since 
not 
latched, 
this 
bit 
is 
always 


updated. 
In the synchronous mode 
and the SOLC mode, 
this bit 
shows 
the sent CRC 


check result. 
This bit 
is reset when 
the error reset command 
(command 


6 of WRO 03 - D5) is written. 


D7: 
End of frame 
When 
the end of flag is detected during receIvIng data and no CRC error 
and fragmentary code is normal, 
this bit 
is set. 
This bit 
is reset by 


the error reset command (command 6 of WRO D3 - D5). 
Further, 
this bit is used only in the SOLC mode and is updated when the 


first character of next frame is received. 


RR 2: 
Readout register 2 


When 
the status affect vector bit is set, V3 to Vl 


change according 
to the interruption condition. 


When 
the status affect vector bit 
(D2 of WR1), 
is set, V3 
to Vl change 


according 
to the 
interruption 
condition 
at 
the 
time. 
Vector 
that 
is 
read 
out 
is 
decided 
by 
the 
interrupt 
condition 
with 
the 
highest 
priority at the time of readout. 
Further, 
when 
the 
status 
affect 
vector 
bit 
is 
reset, 
the 
content 


becomes equal to that of WR2. 


3.5 
How to use 510 
Two examples of systems using the 510 are introduced here. 
Shown in Fig. 3.13 is an inter-processor communication 
system. 
In 
this 
example, 
MPU 
at 
the 
left 
side 
transmits/receives 
data 
to/from 
other 
modules 
at 
the 
right 
side. 
Shown 
in 
Fig. 
3.13 
(a) 
is 
also 
a 


communication 
system as in Fig. 3.13 (b). 


As shown 
in these examples, 
the 510 
is used 
for data communica tion wi th 
external 
devices. 
In addition, 
the most 
great 
advantage 
of 
the 
510 
is 


that it requires 
less data lines than parallel communication 
as shown 
in 
this figure. 


ZBO 
ZBO 


SID 
MPU 


ZB 0 
ZBO 


MPa 
SID 


RSXYZ 
ZBO 
ZBO 


DRIV 
RElJEIVER 
SID 
MPU 


MODEM 
(SYNCIlRONOUS/ 
ASYNCHRONOUS 


Symbol 
I 
Item 
Rating 
I Unit 
I 
1 
vcc 
I 
Supply 
Voltage 
1 
-0.5 
to +7.0 
I 
V 
I 
1----------1-----------------------------------1--------------------1------1 


I 
VIN 
1 
Input 
Voltage 
1 
-0.5 
to Vcc 
+ 0.5 
1 
V 
I 
1----------1-----------------------------------1--------------------1------1 
1 
PD 
1 
Power 
Dissipation 
(TA = 8S·C) 
1 
250 
1 
mW 
I 
1----------1-----------------------------------1--------------------1------1 
1 
TSOLDER 
1 
Soldering 
Temperature 
(10 
see) 
1 
260 
I·c 
I 


1----------1-----------------------------------1--------------------1------1 
1 
TSTG 
I 
Storage 
Temperature 
1 
-65 
to 
150 
I·c 
1 


1----------1-----------------------------------1--------------------1------1 


I 
TOPR 
1 
Operating 
Temperature 
1 
-40 
to 
85 
1 
·C 
1 


SYMBOL 


VILC 


ITEM 
Low 
Clock 
Input 


Voltage 
High 
Clock 
Input 
Voltage 
Input 
Low 
Voltage 
(Except 
CLK) 


Input 
High 
Voltage 
(Except 
CLK) 


Output 
Low 
Voltage 


Output 
High 
Voltage 
(ll 
Output 
High 
Voltage 
(II) 
Input 
Leakage 
Current 
Output 
Leakage 
Current 


SYNC 
Pin 
Leakage 
Current 
Supply 
Current 


(@ normal 
operation) 


Supply 
Current 
(@ stand-by) 
Except 
SYNC 
at 
ilL" 
output 


I 
MIN. 
I 
-0.3 


1 
VCC-0.6 


TYP.I 
MAX. 
IUNIT 


I 
0.6 
I 
V 


1 
1 
IVCC+0.3[ 
V 


1 
I 
0.8 
V 


1 
Ivcc 
V 


1 
I 
0.4 
V 
I 
I 
V 


1 
I 
V 


I 
I 
±10 
IlA 


1 


1 
- 
I 
±10 
IlA 


1 
I 


I 


1 
- 
10 
IlA 


1 
I 


1 
- 
10 
mA 


I 


1 


1 


1 
- 
10 
IlA 


1 
I 


VSS 
+ 0.4~ 
VIN 


~ VCC 
- 


VSS 
+ 0.4< 
VIN 
~ VCC 
= 
VCC=SV,CLK=4MHz 
VIHC=VIH= 
VCC=-O.2V 
VIL=VILC=0.2V 
VCC=SV,CLK=VILC 
VIH=VIHC= 
Vcc-0.2V 
VIL=VILC=0.2V 


TOSHIBA 
TMPZ84C40P/TMPZ84C41P/TMPZ84C42P 


4.3 
AC 
Electrical 
Characteristics 


TA 
-40·C 
to 
8S·C 
VCC 
= 
SV 
± 
10%, 
VSS 
OV 
(*) : TEST 
CONDITION 


NO. 
SYMBOL 
PARAMETER 
I (*) 
IMIN.ITYP.IMAX.luNITI 
1 
TcC 
Clock 
cycle 
time 
I 
1 2501 
- I 
DC 
ns 
2 
TwCh 
Clock 
pulse 
width 
(High) 
1 
1 1051 
- I 
DC 
ns 
3 
TfC 
Clock 
fall 
time 
I 


1 - 
1 - 
1 30 
ns 
4 
TrC 
Clock 
rlse 
tlme 
I - I 
- 
1 30 
ns 
5 
TwCl 
Clock 
pulse 
width 
(Low) 
1 
I 1051 
- 
1 DC 
ns 
Control 
signal 
to 
clockt 
I 
I 
1 
I 
6 
TsCS(C) 
setup 
time 
(CE, 
C/O, 
B/A) I 
I 1451 
- I 
- 
ns 
I 
I 
1 
I 


IORQ, 
RD 
to 
clockt 
I 
1 
I 
I 
7 
TsRD(C) 
setup 
time 
I 
1 1151 
- I 
- 
ns 
8 
TdC(DO) 
Clockt 
to 
data 
out 
delay 
I 
1 - 
1 - 
1220 
ns 
9 
TsDI (C) 
Data 
in 
to 
clockt 
setup 
I 
I 
I 
1 
(Write 
or 
Ml 
cycle) 
I 
I 
501 
- 
I - 
ns 
I 
I 
I 
I 
10 
TdRD(DOZ) 
RDt 
to 
data 
out 
float 
1 - 
I - 
1110 
ns 


delay 
I 
I 
1 


I 
1 
I 
11 
TdlO(DOI) 
IORQ~ 
to 
data 
out 
delay 
1 - I 
160 
ns 
(INTACK 
cycle) 
CL= 
I 
I 
I 
I 
12 
TsMl(C) 
M1 
to 
clockt 
setup 
100pFI 
901 
- 
ns 


time 
I 
I 


I 
I 


13 
TsIEI(IO) 
lEI 
to 
lORQ~ 
setup 
time 
I 
140 I 
ns 
(INTACK 
cycle) 
I 
I 
I 
I 
14 
TdMl (lEO) 
MI~ 
to 
IEO" 
delaL 
I - 
I 
190 
ns 
(interrupt 
before 
M1) 
I 
I 
15 
TdIEI(IEOr) 
IEIt 
to 
IEOt 
delay 
I 
- I 
160 
ns 
(after 
ED 
decode) 
I 
I 


16 
TdIEI (IEOf) 
lEU 
to 
IEo+ 
delay 
I 
- 
1 
100 
ns 
17 
TdC(INT) 
1 - I 
200 
ns 
C10ckt 
to 
INH 
delay 
1 
I 
I 
I 
18 
TdlO(W/RWf) 
IORQ~ 
or CE~ 
to W/RDH 
I - I 
- 
210 
ns 
delay 
(Wait 
mode) 
I 
1 
1 
1 
19 
TdC(W/RR) 
C10ckt 
to W/RDY+ 
delay 
I 
I 
120 
ns 


(Ready 
mode) 
1 
1 
1 
20 
TdC(W/RWZ) 
1 - I 
130 
1 ns 
ClocH 
to W/RDY 
float 
I 
I 
1 


delay 
(Wait 
mode) 
I 
I 
I 
21 
Th 
Any 
unspecified 
hold 
I 
0 
I 
- 
I ns 


when 
setup 
is 
specified 
I 
1 
I 
22 
TwPh 
Pulse 
width 
(High) 
I 2001 
- 
I 
ns 
23 
TwPl 
Pulse 
width 
(Low) 
1 2001 
- I 
ns 
24 
TcTxC 
I 4001 
I 
ns 


TxC 
cycle 
time 
I 
I 
I 


MPUZ80-293 


TOSHIBA 
TMPZB4C40P/TMPZB4C41P/TMPZB4C42P 


NO. 
SYMBOL 
PARAMETER 
(*) 
MIN. ITYP. IMAX. IUNITI 
25 
TwTxCl 
1801 
- 
1 
I ns 
I 


TxC 
width 
(Low) 
I 
I 
I 
26 
TwTxCh 
IBO 1 
I ns 
I 


TxC 
width 
(High) 
1 
I 
I 
27 
TdTxC(TxD) 
- I 
3001 
ns 
1 


TxC~ 
to TxD 
delay 
I 
I 
I 
(xl mode) 
I 
I 
I 
28 
TdTxC(W/RRf) 
51 
91 
CLKI 


TxC~ 
to W/RDH 
delay 
I 
I 
I 
(Ready 
mode) 
I 
IPeriods* 


I 
I 
I 
29 
TdTxC(INT) 
TxC~ 
to INT~ 
delay 
51 
91 
CLKI 


I 
I 
IPeri~ds* 
30 
TcRxC 
4001 
- I 
I 
ns 


RxC 
cycl e 
time 
CL= 
I 
I 
I 


31 
TwRxCI 
1801 
- I 
I ns 
RxC 
width 
(Low) 
100pF 
I 
I 
I 


32 
TwRxCh 
I 
IBOI 
- 
I 
I ns 
RxC 
width 
(High) 
I 
I 
I 
33 
TsRxD(RxC) 
01 
- 
I - 
I ns 


RxO 
to RxCt 
setup 
time 
1 
I 
I 


(xl mode) 
I 
I 
I 


34 
ThRxD(RxC) 
1401 
- 
I - 
I ns 
RxCt 
to RxO 
hold 
time 
I 
I 
I 


(xl mode) 
I 
I 
I 


I 
I 
I 
35 
TdRxC(W/RRf) 
RxCt 
to W/ROH 
delay 
101 
- I 
131 CLKI 
(Ready 
mode) 
1 
I 
IPeridds* 


I 
I 
I 
I 
36 
TdRxC(INT) 
RxCt 
to INT~ 
delay 
10 I - 
I 
131 CLKI 
I 
I 
IPeriods* 


I 
1 
1 
I 
37 
TdRxC(SYNC) 
RxCt 
to SYNC~ 
delay 
41 
- I 
71 CLKI 
(Output 
modes) 
I 
1 
IPeriods* 


I 
I 
1 
I 
I 
38 
TsSYNC(RxC) 
SYNCi 
to RxCt 
setup 
1-100 I 
- 
I - 
I ns 
I 
(Externa I 
sync 
modes) 
I 
I 
I 
I 
I 


(note) 
AC 
test 
condition 


VIH=2,4V, 
VIHC=VCC-0.6V, 
VIL=0.4V, 
VILC=0.6v 
VOH=2.2V, 
VOL=O.BV 
* System 
Clock 
In 
all 
modes, 
the 
System 
Clock 
rate 
must 
be 
at 
least 
five 
times 
the 
maximum 
data 
rate. 
Restart 
must 
be 
active 
a minimum 
of 
one 
com- 
plete 
Clock 
Cycle. 


4.4 
Capacitance 
(TA=25°C) 
SYMBOL 
1 
ITEM 
1 
C 
CLOCK I Clock 
Input 
I 
I 
Capacitance 
I 
CIN 
1 Input 
Capacitance 
1 
COUT 
IOutput 
Capacitance 
I 


TEST 
CONDITION 
f=lMHz 
All 
terminals 
except 
that 
to 
be 
measured 
should 
be 
earthed. 


4.5 
Timing diagram 
Numbers shown in 
the 
following 
figures 
correspond 
with 
those 
in 
the 
4.3 


A.C. Electrical 
Characteristics 
Table. 


'i 


@ 
f1 
~ 
CTS.DCD,SYMC 
@ 


TXC 


TXD 


W/RDY 


INT 


RXC 


RXD 


'ii/RDY 


® 


INT 
® 


® 


SYNC 


Note 1. 
This 
dimension 
is measured 
at 
the 
center 
of bending 
point 
of 
leads. 


Note 
2. 
Each 
lead 
pitch 
is 2.54mm, 
and 
all 
the 
leads 
are 
located 
within 


±O.25mm 
from 
their 
theoretical 
positions 
with 
respect 
to No.1 


and 
No.40 
leads. 


In 
the 
programming 
using 
the 
810, 
it 
can 
be 
used 
only 
for 
single 
channel 
according 
to 
registers 
and 
bits. 


1. 
General Description and Features 
The 
TMP82CSSAP-S 
(hereinafter 
referred 
to 
as 
PPI) 
is 
CMOS 
version 
of 
Toshiba 
TMP82SSAP-S, 
and 
is 
a 
programmable 
input/output 
interface 
with 
three 8-bit I/O ports. 
24 I/O terminals are divided 
into two groups (Port 
A 
and 
Port 
B) 
which 
are 
programmable 
independently 
by 
control 
words 
provided by CPU. 
The PPI has 
three operation modes 
(Mode 0, 1 and 2) and 
is capable of versatile 
interface between CPU and peripheral devices. 
The 
TMP82CSSAP-S 
is 
fabricated 
using 
Toshiba's 
CMOS 
Silicon 
Gate 
Technology 
and molded 
in 40 pin standard DIP package. 


(1) 
Compatible with the Toshiba's TMP82SSAP-S 
(2) 
Low power consumption 


2mA 
Typ. 


10~A Max. 
(@SV, Stand-by) 
(3) 
SV ± 
10% 
Single power supply 
(4) 
24 programmable 
I/O terminals 
(S) 
Three operation modes (Mode 1, Mode 2, Mode 3) 
(6) 
Bit set/reset capability 
(7) 
Any 
8 bits 
outputs 
of 
port 
Band 
C 
are 
capable 
of 
driving 
darlington 
transistors (Min. -l.OmA @ VOH=l.SV) 
(8) 
Extended operating 
temperature: 
-40·C to + 8S·C 


PA3 
PA2 
PAl 
PAO 
RD 
cs 
(OND)VSS 


Al 
AO 
PC? 
PC6 
PC5 
PC4 
PCO 
PCI 
PC2 
PC3 
PBO 
PBI 
PB2 


PA4 
PA5 
·PA6 


PA? 
ViR 
RESET 
DO 
DI 


D2 
D3 
D4 
D5 
D6 
D? 
VCC(+5V) 


PB? 
PB6 
PB5 
PB4 
PB3 


Ro 


ViR 
os 
AD 


Al 


RESET 


Pin 
Name 
INumberlrnput/Outputl 
lof Pin I 
3-state 
I 
8 
I 
r/o 
I 
I 
3-state 
I 
I 


I 
I 


I 
8 
I 
r/o 
I 
I 
3-state 


I 
I 
I 
I 
I 
I 
I 
8 
I 
r/o 
I 
I 
3-state 


I 
I 
I 
I 
I 
I 
I 
8 
I 
r/o 


I 
I 
3-state 


I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


I 
2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IPower 
I 
I 
I 
I 
I 
IPower 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Supply I SV 
I 
I 
Supplyl 


I 
I 
3-state 
bidirectional 
8-bit 
data 
bus. 
I 
Used 
for data 
transfer 
with 
CPU. 
Also, 
usedl 
for 
transfer 
of control 
words 
to PPI 
and 
I 


status 
information 
from 
PPI. 
I 
3-state 
8-bit 
r/o 
Port 
A. 
I 


Operation 
mode 
and 
input/output 
configura- 
I 


tion 
are 
defined 
by software. 
Port 
A con- 
I 


tains 
the output 
latch 
buffer 
and 
input 
I 


lacth. 
I 


3-state 
8-bit 
I/O 
Port 
B. 
I 


Opepration 
mode 
and 
input/output 
configura- 
I 
tion 
are defined 
by software. 
Port 
A con- 
I 
tains 
the output 
latch 
buffer 
and 
input 
I 


lacth. 
I 
3-state 
8-bit 
r/o 
Port 
C. 
I 
Operation 
mode 
and 
input/output 
configura- 
I 
tion 
are 
defined 
by software. 
Port 
C can 
bel 
divided 
into 
two 4-bit 
ports 
by 
the mode 
I 
control 
and also, 
used 
as 
the 
control 
signall 


for Port 
A and 
Port 
B. 
In this 
case, 
3 bitsl 
of 
PCD 
to PC2 
are 
used 
for Port 
Band 
5 bitsl 


of PC3 
to PC7 
for Port 
A. 
I 
Chip 
select 
input. 
I 


When 
this 
terminal 
is at 
"L" 
level, 
data 
I 


transfer 
ppr 
and CPU 
becomes 
possible. 
At 
I 


"H" 
level, 
the 
data 
bus 
is placed 
in the 
I 


high 
impedance 
state 
and control 
from 
the 
I 


processor 
is ignored. 
I 


Read 
signal. 
I 


When 
this 
terminal 
is at 
"L" 
level, 
data 
I 


that 
is input 
into 
the 
port 
is transferred 
I 


to CPU. 
I 
Write 
signal. 
I 


When 
this 
terminal 
is at "L" 
level, 
data 
I 


or control 
word 
is written 
into 
PPI 
from 
I 
CPU. 
I 


Used 
for selecting 
Port 
A, 
B, C and 
the 
con-I 


trol 
registers. 
Normally, 
this 
terminal 
is I 


connected 
to low order 
2 bits 
of 
the addressl 


bus. 
I 


When 
this 
terminals 
is at "H" 
level, 
all 
I 


internal 
registers 
including 
the 
control 
I 
register 
are 
cleared. 
In addition, 
all 
I 


ports 
(Port 
A, 
B, C) 
are 
placed 
in the 
input I 


mode 
(high 
impedance) 
of mode 
D. 
I 
I 
I 
I 
I 
I 


The 
PPI 
is 
a 
programmable 
peripheral 
interface 
with 
three 
8-bit 
ports 


(Port A, B and C) and two control registers. 
24 I/O terminals are divided 


into 
l2-bit 
group 
A 
and 
group 
B. 
Group 
A 
consists 
of 
Port 
A 
and 
high 


order 4 bits of Port C, while Group B consists of Port B and 
low order 
4 
bits of Port C. 
Each group is independently programmable 
by control words 
provided from CPU. 
There are three operation modes available 
for the PPI. 


In mode 0, two 8-bit I/O ports and two 4-bit 
I/O ports 
can be 
programmed 
as input or output ports, respectively. 
In mode 
1, 24 I/O 
terminals 
are 


divided 
into Group A and Group B. 
8 bits of each group 
are used as input 


or outpt port and of the remaining 4 bits, 3 bits are used as handshaking 
and 
interrupt 
control 
signal. 
Mode 
2 
is applicable 
only 
to group 
A 
and 
the terminals are used as a bidirectional 
8-bit data bus and 5-bit control 


signal. 
In case 
of Port C being 
used 
as 
the output, 
any bits 
of Port 
C 
can be set/reset. 


There 
are 
two 
control 
registers; 
one 
is used 
for 
mode 
setting 
and 
the 
other 
for 
bit 
set/reset 
control. 
The 
control 
registers 
can 
only 
be 
written 
into. 
Further, 
when 
the 
reset 
input 
(RESET) 
becomes 
"1", 
the 
control registers are reset and all I/O terminals are placed in input mode 
(high impedance status). 


Al 
AO 
CS 
RD 
WR 
0 
0 
0 
0 
1 
Data bus 
(- 
Port A 
0 
1 
0 
0 
1 
Data bus 
(- 
Port B 
1 
0 
0 
0 
1 
Data bus 
Port C 
0 
0 
0 
1 
0 
Port A 
(- 
Data bus 
0 
1 
0 
1 
0 
Port B 
(- 
Data bus 
1 
0 
0 
1 
0 
Port C 
(- 
Data bus 
(- 
1 
1 
0 
1 
0 
Control 
reglster 
(---- Data bus 


x 
x 
1 
x 
x 
Data bus 
-) 
3-state 
x 
x 
0 
1 
Data bus 
__ ) 
3-state 
0 
0 
inhibition of combination 


There 
are 


words. 
Mode 
Mode 
Mode 


o - 
Basic I/O 
1 - Strobe input/Strobe output 
2 - Two-way bus 


(Group A, Group B) 
(Group A, Group B) 
(Port A only) 


Operation 
modes 
for Group 
A 
and Group 
B 
can 
be 
independently 
defined 
by 
the control word from the CPU. 
If DB7 
is set to "1" in writing 
a control 


word 
into the PPI, 
on operation 
mode 
is 
selected, 
while 
of DB7="0", 
the 


set/reset function for Port C is selected. 


3.1.1 
Control word to define operation mode 


Fig. 
5.1 
shows 
the 
control 
words 
to 
define 
operation 
mode 
of 
the 


TMP82C55AP-5. 


1 
Group A Condtol 
D7 
D6 I D5 
[ D4 I D3 
I 
I 
[ 
I 
I 
-1- 
I 
I 
I 
I 


I 
1 
I 


I 
I 
1 


I 
I 
1 


I 
1 
I 
I 
I 
I 


I 
1 
I 


1 
I 
1 
I 
I 
I 


I 
1 


I 
1 
I 
I 
I 
I 


I 
1 


I 
1 
I 
I 


1 
1 
I 
I 
I 
I 


I 
I 


I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
Designation of mode 
set flag 


[Group B Controll 
[ D2 I Dl 
DO 
I 
I 
I 
I 
I 
I 
I 
I 


I 
1 
I 
I 


I 
1 


I 
1 


1 
I 
I 


1 
I 


Input/output selection of 
low order 4 bits of Port C 
'0' 
Output 
'1' = Input 


Input/output selection of 
of Port B 
'0' 
Output 
'1' = Input 


Mode selection of Group B 
'0' = Mode 
0 
'I' = Mode 1 


Input/output selection of 
high order 4 bits of Port C 
'0' = Output 
'I' = Input 


Input/output selection of 
of Port A 
'0' 
Output 
'I' = Input 


Mode Selection Group A 
'0' = Mode 0 


D6 
D5 
o 
0 = Mode 0 
o 
1 = Mode 
1 
1 
x = Mode 2 


3.1.2 
Port C bit set/reset control word 
Any 
bit 
of 
8 bits 
of Port 
C 
can 
be 
set/reset 
by 
Port 
C 
bit 
set/reset 
control word. 
Fig. 3.2 shows the Port C bit set/reset control word. 


TOSHIBA 
TMP82C55AP-5 


Control Word 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 
I 
I 
I 
I 
I 
_I- 
I 
I 
I 
Bit set/reset selection 


I 
I 
I 
I 
I 
Don't care 
I 
I 
"0" 
Reset 


I 
I 
I 
"lit 
Set 
Bit Set/Reset Flag 
I 
I 
"011 
= Active 
I 
I 
I 
0 
0 
0 
PCO 
0 
0 
1 
Pcl 
0 
1 
0 
PC2 
0 
1 
1 
PC3 
Bit selection 
1 
0 
0 
PC4 
1 
0 
1 
PC5 
1 
1 
0 
PC6 
1 
1 
1 
PC7 


Fig. 3.2 
Control Word for Bit Set/Reset 


3.2 
Operation Modes 


3.2.1 
Mode 0 (Basic r/o) 
This 
functional 
configuration 
is 
used 
for 
simple 
input 
or 
output 
operations. 
No 
'handshaking' 
is required 
and data 
is simply written 
to 
or read 
from 
a 
specified 
part. 
Output 
data 
to 
the 
ports 
from CPU 
are 
latched out but input data from the ports are not latched. 


In Mode 
0, 
24 r/o 
terminals 
are 
divided 
into 
four groups 
of 
Port 
A 
(8 


bits), Port B (8 bits), high order 4 bits of Port C and 
low order 4 bits 
of 
Port 
C. 
Each 
port 
can 
be 
programmed 
to be 
input 
or 
output. 
The 


configuration 
of 
each 
port 
are 
determined 
according 
to 
the 
contents 
of 


Bit 
4 
(D4), 
3(D3), 
l(Dl) 
and 
O(DO) 
of 
the 
control 
word 
for 
mode 


selection. 
The r/o 
configuration 
of each port in Mode 0 are shown in Fig. 5.3. 


Node 


D4 


o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 


Setting 
Control 


I 
D3 
I 
Dl 
I 
I 
0 
I 
0 
I 
I 
0 
I 
0 
I 
I 
0 
I 
1 
I 
I 
0 
I 
1 
I 


I 
1 
I 
0 
I 


I 
1 
I 
0 
I 
I 
1 
I 
1 
I 


I 
1 
I 
1 
I 
10101 
I 
0 
I 
0 
I 
I 
0 
I 
1 
I 
I 
0 
I 
1 
I 
I 
1 
I 
0 
I 
I 
1 
I 
0 
I 
I 
1 
I 
1 
I 
I 
1 
I 
1 
I 


Word 
DO 
o 
1 
o 
1 
o 
1 
o 
1 
o 
o 
o 
1 
o 
1 
o 
1 


Port 
A I 
Port 
C 
I (PC7-PC4) 


Out 
Out 
Out 
Out 
Out 
Out 
Out 
Out 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
In 
In 
In 
In 
In 
In 
In 


I 
Port 
C 
I (PC3-PCO) 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 


3.2.2 
Mode 
1 (Strobe 
I/O) 


In Mode 
1, input/output 
of' port 
data 
is performed 
in conjunction 
with 
the 
strobe 
signals 
or 
'handshaking' 
signals. 
Port 
C 
is used 
to control 
Port 
A or Port 
B. 
The 
basic 
operatings 
in Mode 
1 are 
as 
follows: 


a 
Mode 
1 can 
be 
set 
for 
two groups 
of Group 
A and Group 
B. 


a 
Each 
group 
consist 
of 8-bit 
data 
port 
and 4-bit 
control/data 
port. 
a 
The 
8-bit 
data 
port 
can 
be 
set 
as 
input 
or:output 
port. 
a 
The 
control/data 
port 
is used 
as 
control 
or 
status 
of 
the 
8-bit 
data 


port. 


(1) 
When 
used 
as 
the 
input 
port 
in Mode 
1: 


a 
8TH 
(Strobe 
Input) 
At 
"0", 
input 
data 
is 
loaded 
in 
the 
intern~l 
input 
latch 
in 
the 
port. 


In 
this 
case, 
a 
control 
signal 
from 
CPU 
is 
not 
concerned 
and 
data 
is 
input 
from 
the 
port 
any 
time. 
This 
data 
is 
not 
read 
out 
on 
the 
data 


bus 
unless 
CPU 
executes 
an 
input 
instructi~. 


a 
IBF 
(Input 
Buffer 
Full 
F/F 
Output) 


When 
data 
is 
loaded 
in 
the 
internal 
input 
latch 
from 
the 
port, 
this 


output 
is set 
to "1". 
IBF 
is set 
("1") 
by 
STB 
input 
being 
reset 
and 
is 
reset 
("0") 
by 
the 
ris ing edge 
of RD 
input. 


a 
INTR 
(Interrupt 
Request 
Output) 


Used 
for 
the 
interrupt 
process 
of 
data 
loaded 
in 
the 
internal 
input 


latch. 
When 
STB 
input 
is at 
"0" 
if INTE 
(INTE 
flag) 
in 
the 
PPI 
is 
in 


the 
enabled 
state 
("1"), 
IBF 
is 
set 
to 
"1". 
INTR 
is 
set 
to 
"1" 


immediately 
after 
the rising 
edge 
of 
this 
STB 
input 
and 
reset 
to "0" by 


the 
falling 
edge 
of RD 
input. 


The 
INTE 
flags 
of Group 
A and Group 
B are 
controlled 
as 
follows: 


INTEA 
- Control 
by bit 
set/reset 
of PC4 
INTEB 
- Control 
by bit 
set/reset 
of PC2 


(2) 
Wh~used 
as 
the output 
port 
in Mode 
1: 


o 
OBF 
(Output 
Buffer 
Full 
F/F 
Output) 
This 
is a 
flag 
which 
shows 
that 
CPU 
has 
written 
data 
into 
a 
specified 
port. 
OBF 
is set 
to becomes 
"0" 
at 
the rising 
edge 
of WR 
signal 
and 
is 
set 
to "1" 
at 
the 
falling 
edge 
of ACK 
(Acknowledge 
input) 
signal. 


o 
ACK 
(Acknowledge 
Input) 


ACK 
signal 
is 
sent 
to 
the 
PPl 
as 
a 
response 
from 
a 
peripheral 
device 


that 
received 
data 
from 
the port. 


o 
INTR 
(Interrupt 
Request 
Output) 
When 
a peripheral 
device 
received 
data 
from 
CPU, 
INTR 
is set 
to "1" 
and 


the 
interrupt 
is requested 
to CPU. 
If ACK 
signal 
is received 
when 
INTE 


flag 
is in the enable 
state, 
OBF 
is 
set 
to "1" 
and 
INTR 
signal 
becomes 


"1" 
immediately 
after 
the 
rising 
edge 
of ACK 
signal. 
Further, 
INTR 
is 


reset 
at 
the 
falling 
edge 
of WR 
signal 
when 
data 
is 
written 
into 
the 


PPI 
by CPU. 
The 
INTE 
flags 
of Group 
A and Group 
B are 
controlled 
as 
follows: 


INTEA 
- Control 
by bit 
set/reset 
of PC6 
INTEB 
- Control 
by bit 
set/reset 
of PC2 


I I 101I I, I~I' I, I, I 
I 


COtITt'lVI. 
WOt'lU 


06 
~ 
ll" 
1)3 
1.12 1)1 


[~H:E]~I'I'I'] 


117 
06 
lJl:>04 
03 
02 
D1 


~- 
~"" 
PC".I'C~ 
0- 
OUTPUT 


1- 
INI'UT 


Fig. 3.5 
Example of Port A Output, 
Port B Input in Mode 1 


D olllll~lllol,1 
I 


Fig. 3.6 
Example of Port A Input, 
Port B Output in Mode 1 


3.2.3 
Mqde 2 (Strobed Bidirectional 
Bus I/O) 
In 
this 
mode, 
Port 
A 
is 
used 
as 
8 
bits 
bidirectional 
bus 
for 
data 


transfer 
with 
a 
peripheral 
device. 
This 
mode 
is applicable 
only 
to 


Group 
A, which 
consists 
of 
an 8-bit 
bidirectional 
bus 
(Port A 
8-bit) 


and 
5-bit 
control 
signals 
(high 
order 
5 
bits 
of 
Port 
C). 
The 


bidirectional 
bus 
(Port 
A) 
has 
both 
the 
internal 
input 
and 
output 


registers. 
When 
group 
A 
is 
set 
in 
Mode 
2, 
Group 
B 
can 
be 
set 
independently. 
There 
are 5 control 
signals as follows when Group A is 


used in Mode 2. 


o 
OBF 
(Output 
buffer 
Full 
F/F 
Output) 
When 
CPU 
writes 
data 
into 
of 
Port 
A, 
OBF 
is 
set 
to 
"0" 
to 
inform 
a 


peripheral 
device 
that 
the 
PPI 
is ready 
to output 
data. 
However, 
Port 
A is kept 
in the 
floating 
(high 
impedance) 
state 
until 
ACK 
input 
signal 
is received. 


o 
ACK 
(Acknowledge 
Input) 
When 
-fiC·K 
signal 
is set 
to "0", 
the data 
of 
the 3-state 
output 
buffer 
of 
Port 
A 
is 
send 
out. 
If 
1\CK 
signal 
is 
at "1", 
Port 
A 
is 
in 
the 
high 
impedance 
state. 


o 
·STB (Strobe 
Input) 
When ·S1'Binput 
is set 
to "0", 
the data 
from 
peripheral 
devices 
are held 
in 
the 
input 
latch. 
When 
the 
active 
RD 
signal 
is 
input 
into 
the 
PPI, 


the 
latched 
input 
data 
are 
output 
on 
the 
system 
data 
bus 
(07 - DO). 


o 
IBF 
(Input 
Buffer 
Full 
F/F 
Output) 
When 
data 
from 
peripheral 
devices 
are 
held 
in 
the 
input 
latch, 
IBF 
is 


set 
to 
fll". 


o 
INTR 
(Interrupt 
Request 
Output) 
INTR 
is the output 
to 
request 
the 
interrupt 
to CPU 
and 
its 
function 
is 


the 
same 
as 
that 
in Mode 
1. 
There 
are 
two 
interrupt 
enable 
flip-flop 


(INTE), 
INTEl 
corresponds 
to INTEA 
in Mode 
1 output 
and 
INTE2 
to 
INTEA 
in Mode 
1 input. 


INTE 
Used 
to 
generate 
INTR 
signal 
in 
conjunction 
with 
OBF 
and 


ACK 
signals, 
and 
is controlled 
by PC6 
bit 
set/reset. 
INTE 
2 - 
Used 
to 
generate 
INTR 
signal 
in 
conjunction 
with 
IBF 
and 


STB 
signals, 
and 
is controlled 
by PC4 
bit 
set/reset. 


We 


~ 


Qij"jf 


ijBjiA 


ACifA 


S'fiiA 
~TH 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
1 I 
1 I X I X I X 11/01l/011/01 


I 
1 
I 


X = Don't care 
I 
1 
1 
PC2-0 
0 
Output 


I 
I 
1 
Input 


1 
1 
Port B 
0 
Output 
1 
1 
Input 
I 
Group B mode 
0 
Mode 0 


1 = Mode 1 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
1 1 1 1 X I X 
1 X I 0 I 1 \1/01 


1, 


PC2-PCO < 
I 
O=Output 
l=Input 


1 
PC31__ 
> INTRA 


PA7-PAOI<-+-> __ 
PC71__ 
> OBFA 


PC61 
ACKA 


PC41~= 
STBA 


PC51__ 
> IBFA 


I 


1 
3 
BQ 
__ 
> 
pC2-PCOI<-+-> I/O 


WR 
__ 
> 
PB7-PBOI<-+- 


_____ 
1 


Port A - Mode 2 I/O 
Porb B - Mode 0 Input 


Control Words 
1 
1 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
I 
PC31__ 
> INTRA 


1 I 1 I X 1 X 1 X 1 1 1 0 I X 1 
1 
PA7-PAOI 
I 
PC7'<-+-> OBFA 


I 
PC61--> 
ACKA 


I 
PC41~= 
STBA 
I 
PC51__ 
> IBFA 
I 
PB7-PBOI 
I 
PC11-f-~ 
OBFB 


RD 
_>1 
pc21<_ 
ACKB 


WR 
->1 
PBO 1 
> INTRB 
,- 


Port A - Mode 2 I/O 
Porb B - Mode 1 Output 


Fig. 3.9 
Examples in Combination with Mode 2 and Other Mode 


3.2.4 
Precautions 
for use in Mode 
1 and 2 
When used 
in Mode 
1 and 2, bits which 
are not used 
as control 
or status 
in Port C can be used as follow. 
If programmed 
as the input, they are accessed by normal Port C read. 
If 
programmed 
as 
the 
output, 
high 
order 
bits 
of 
Port 
C 
(PC - 
PC4) 
are 


accessed using the bit 
set/reset function. 
As 
to low order bits of Port 
C 
(PC3 - PCD), 
in additions 
ot access by 
the bit 
set/reset 
function, 
3 
bits only can be accessed by normal writing. 


When Port C 
is used as the control port, 
that is, when Port 
C 
is used 
in 
Mode 
1 or Mode 
2, the status 
information of 
the control 
word 
can be 
read 


out by a normal read operation of Port C. 


TOSHIBA 


4. 
Electrical 
Characteristics 


4.1 
Absolute 
Maximum 
Ratings 


1 
Symbol 
I 
Item 
Rating 
I 
Unit 
1 
I 
VCC 
1 
Supply 
Voltage 
1 
-0.5 
to 7.0 
I 
V 
I 
1----------1----------------------------------- 
--------------------1------1 
1 
VIN 
1 
Input 
Voltage 
-0.5 
to Vcc 
+ 0.5 
1 
V 
1 


1----------1----------------------------------- 
-------------------- 
------1 


1 
PD 
1 
Power 
Dissipation 
250 
mW 
1 
1----------1----------------------------------- 
-------------------- 
------1 


1 
TSOLDER 
1 
Soldering 
Temperature 
(10 
sec) 
I 
260 
·c 
1 
1----------1-----------------------------------1--------------------1------1 
I 
TSTG 
1 
Storage 
Temperature 
1 
-65 
to 
150 
I'c 
I 
1----------1-----------------------------------1--------------------1------1 
I 
TOPR 
1 
Operating 
Temperature 
1 
-40 
to 
85 
I 
·c 
1 


SYMBOL 
ITEM 
TEST 
CONDITION 
MIN. 
ITYP. 
MAX. 
UNITI 


VIL 
Input 
Low 
Voltage 
-0.3 
0.8 
V 
1 
1 
VIH 
Input 
High 
Voltage 
2.2 
VCC 
V 
1 
I 


VOL 
Output 
Low 
Voltage 
IOL 
2.5mA 
0.45 
V 
I 
I 


VOHl 
Output 
High 
Voltage 
IOH 
-40011A 
2.4 
V 


VOH2 
Output 
High 
Voltage 
IOH 
-lOOIlA 
VCC-0.8 
V 
1 


ILl 
Input 
Leak 
Current 
1 0 ~ VIN 
~ VCC 
±10 
llA 
1 
1 
UO 
I 
Output 
Leak 
Current 
1 
0 < VOUT 
< VCC 
±10 
llA 


I 
(High 
Impedance 
1 
1 
1 
State) 
I 
1 


(Note) 
I 
Darlington 
Drive 
1 VEXT 
1.5V 
-1.0 
I 
-5.0 
mA 


IDAR 
1 Current 
I 
REXT 
1.lkrl 
1 
I Operating 
Supply 
I I/O 
cycle 
Time 
1 


ICCl 
1 Current 
1 1 usec 
I 2.0 
5.0 
mA 


1 Stand-by 
Supply 
I 
VIH ~ 
VCC-0.2V 
I 


ICC2 
I Current 
1 VIL 
~ 0.2V 
1 - 
10 
llA 


1 
I CS L VCC-0.2V 
I 
(Note) 
Applied 
for 
optional 
8 I/O 
terminals 
in Port 
B and 
Port 
C. 


SYMBOL 
CIN 
COUT 


(*): 


I 
ITEM 
I 
TEST 
CONDITION 
I Input 
Capacitance 
1 
f = 
lMHz 
[Output 
Capacitance 
1 
(*) 
All 
terminals 
except 
that 
to be measured 
should 


IMIN.ITYP.IMAX.IUNITI 
[ 
- 
I 
- 
I 
10 
I 
pF 
I 


1 
- 
I 
- 
1 
20 
I 
pF 
1 
be 
earthed. 


TOSHIBA 
TMP82CSSAP-S 


4.4 
AC 
Electrical 
Charactreistics 


TA 
= -40·C 
to 8S·C, 
VCC 
= SV 
± 
10%, 
VSS 
= OV 
(*): TEST 
CONDITION 


SYMBOL 
ITEM 
(*) 
MIN. I TYP. I MAX. I UNIT 


I 
1 
I 
I 
I 
I 
tAR 
Address 
set-up 
time 
for 
RD 
fall 
0 
1 
I 
1 
ns 
1 
1 
I 


tRA 
Address 
hold 
time 
for 
RD 
rise 
0 I 
1 
I 
ns 


I 
I 
I 
tRR 
RD 
pulse 
width 
300 
1 
I 
1 
ns 


I 
I 
I 
tRD 
Delay 
from 
RD 
fall 
to decided 
1 
I 
2001 
ns 


data 
output 
I 
I 
I 


I 
I 
I 
tDF 
Time 
from 
RD rise 
to data 
bus 
10 
I 
1001 
ns 
float ing 
I 
I 
I 
I 
tRY 
Time 
from 
RD 
or WR rise 
to next 
8S0 
1 
1 
ns 


RD 
or WR 
fall 
I 
I 
I 
tAW 
Address 
set-up 
time 
for WR 
0 
1 
ns 


fall 
I 
I 
tWA 
Address 
holding 
time 
for WR 
20 
I 
ns 


rise 
I 
CL= 
I 


tWW 
WR 
pulse 
width 
lS0pF 
300 
I 
ns 
I 


tDW 
Bus 
data 
set-up 
time 
for WR 
100 
I 
ns 


rise 
I 
I 


tWD 
Bus 
data 
holding 
time 
for 
WR 
30 
I 
ns 


rise 
I 
I 


tWB 
Delay 
from 
WR 
rise 
to decided 
3so1 
ns 


data 
output 
I 
I 
tIR 
Port 
data 
set-up 
time 
for 
RD 
0 
I 
ns 


fall 
I 
I 


tHR 
Port 
data 
holding 
time 
for 
RD 
0 
I 
ns 


rise 
I 
I 
tAl< 
ACK 
pulse 
width 
300 
I 
ns 


I 


tST 
STB 
pulse 
width 
SOO 
I 
ns 


I 
tPS 
Port 
data 
set-up 
time 
for 
STB 
0 
I 
ns 


rise 
1 
I 


tPH 
Port 
data 
holding 
time 
for 
STB 
180 
I 
ns 


rise 
I 


MPUZ80-311 


TOSHIBA 
TMP82CSSAP-S 


TA 
-40'C 
to 8S'C, 
VCC 
= 
SV 
± 
10%, 
VSS 
= OV 
(*) : TEST 
CONDITION 


SYMBOL 
ITEM 
(*) 
I MIN. 
TYP. I 
MAX. 
UNIT 
I 
I 
tAD 
Delay 
from 
ACK 
fall 
to decided 
I 
300 
ns 


data 
output 


tKD 
Time 
from 
ACK 
rise 
up 
to port 
20 
2S0 
ns 
(Port 
A 
in Mode 
2) 
floating 


tWOB 
Delay 
from Wi rise 
to OBF 
6S0 
ns 


fall 


tAOB 
Delay 
from ACK 
fall 
to OBF 
3S0 
ns 


rise 


tSIB 
Delay 
from 
STB 
fall 
to IBF 
300 
ns 


rise 
CL= 


tRIB 
Delay 
from 
RD 
rise 
to IBF 
300 
ns 


fall 
150pF 
[ 


tRIT 
Delay 
from 
RD 
fall 
to INTR 
400 
ns 


fall 


tSIT 
Delay 
from 
ACK 
rise 
to INTR 
300 
ns 


rise 


tAIT 
Delay 
from 
ACK 
rise 
to INTR 
350 
ns 


rise 


tWIT 
Delay 
from 
WR rise 
to INTR 
450 
ns 


fall 


Note 
l. 
When 
the 
power 
supply 
is 
turned 
ON, 
reset 
pu Ise 
duration 
must 
be 


ac tive 
for 
at 
leas t 500 
ns or more. 


2. 
AC Measuring 
Point 
Input 
Voltage 
VlH=2.4V, 
VlL=0.4Sv 


Output 
Voltage 
VOH=2.2V, 
VOL=O.8V 


I 
tww 


f 
X 
L 
tWIT 
twos 
tAD] 


'\ 
¥ 


tWBJ 
~ 


tAOS 


-I 


" 
tAl< 
1 


:~RIB 
-----------<fl'----------<;II--------<I· 


tRR 


s. 
Outline Drawing 
Plastic Packge 


Note 1. 
This dimension 
is measured at the center of bending point of leads. 


Note 2. 
Each lead pitch is 2.54mm, and all the leads are located within ±O.25 
rom from 
their 
theoretical 
positions 
with 
respect 
to 
No.1 
and 


No.40 leads. 


This manual 
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microprocessor 
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The 
examples 
of 
application 
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here 
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This 
is a manual 
for 
the 
macro 
assembly 
language 
and 
macro 
assembler 
package 
SWS034 
of 
the 
S- bit 
mic roprocessor 
fami ly 
TLCS-ZSO. 
The 
assemb ly 
language 
syntax 
(grammar), 
input/output 
formats, 
and 
the 
operating 
method 
of 
macro 
assembler 
package 
SWS034 
including 
the 
TLCS-ZSOMPU 
(microprocessor 
unit) 
system 
architecture 
will 
be 
described 
in 
this 
manual. 
The 
manual 
is 
used 
for 
the TLCS-ZSO 
family 
LSI 
application 
systems. 


The 
assembler 
pacakge 
contains 
a 
program 
having 
funct ions 
of 
link 
loader, 
cross 
reference, 
and 
library 
manager 
as 
well 
as 
assembler 
program 
(usually 
called 
simply 
an 
assembler) 
executing 
the 
assemble 
operation 
of 
the TLCS-ZSO, 
and 
operates 
on 
a 
system 
controlled 
by 
the 
CP/M(R) 
(Note 
1). 
For 
example, 
this 
assemble 
package 
can 
be 
operated 
by 
use 
of 
Toshiba's 
TDSSOOA 
(Note 
2). 


The 
assembler 
language 
specifications 
do not 
depend 
on 
the host 
system. 
Let's 
enjoy 
Macro 
Assembly 
Language. 


Toshiba 
reserves 
all 
copyrights 
of 
this 
publication 
(April 
19S5, 
Toshiba 
Corporation) 


(Note 
1) 


(Note 
2) 
CP/M(R) 
is 
the 
trademark 
of Digital 
Reserach 
Inc., 
U.S.A. 


TDSSOOA 
is Toshiba's 
Microcomputer 
Application 
System. 
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The 
assembly 
language 
(hereinafter 
called 
simply 
an 
assembly 
language) 
is 
one 
of 
symbolic 
programming 
languages, 
and 
close 
in 
its 
format 
and 
syntax 


to 
the 
machine 
language 
(a 
machine 
code 
which 
can 
be 
read 
directly 
by 
a 
microcomputer). 
In 
the 
assembly 
language, 
the 
addresses, 
instructions, 
data, 
etc. 
are 
expressed 
in 
terms 
of 
symbols. 
AS 
compared 
with 
digital 
expression 
(code), 
symbolic 
expression 
is 
easily 
to 
understand 
and 
to 
change. 
Usually, 
each 
symbo 1 
corresponds 
to 
one 
address, 
ins truc tion 
or 
data, 
respectively, 
and 
thus, 
the 
program 
can 
make 
efficient 
use 
of 
the 
microcomputer 
hardware 
capability. 


A 
program 
written 
in 
this 
assembly 
language 
is 
hereinafter 
called 
simply 
a 
source 
program 
in 
this 
manual. 
The 
source 
program 
consists 
of 
a 
source 
statement 
which 
generates 
machine 
language 
code, 
assembler 
directive 
which 


defines 
data 
etc., 
assembler 
control 
directive 
which 
defines 
assembling 
condition, 
macro 
instruction 
as macro 
reference 
and 
repetition 
instruction 
statement. 
The 
source 
program 
is 
processed 
by 
the 
assembler 
program 
(hereinafter 
called 
simply 
an 
assembler) 
and 
converted 
to 
a 
program 
of 


machine 
code, 
which 
is 
relocatable 
intermediate 
object 
program 


(hereinafter 
called 
simply 
an 
intermetiate 
object). 
Multi-intermediate 
object 
(module) 
can 
be 
converted 
into 
one 
executable 
program 
by 
a 
linking 


loader 
program 
(hereinafter 
called 
simply 
a 
linking 
loader) 


The 
macro 
assembler 
package 
SW8034 
is 
a 
software 
package 
for 
program 


development 
of 
the 
TLCS-Z80 
by 
a 
system 
(for 
example, 
Toshiba 
TDS800A) 


which 
operates 
on 
the 
CP/M. 
The 
main 
funtions 
and 
features 
of 
this 
macro 
assembler 
package 
(hereinafter 
called 
simply 
an 
assembler 
package) 
are 
as 


follows: 


(1) 
Creates 
an 
intermediate 
object 
from 
the 
source 
program 
on 
the 


diskette 
described 
according 
to 
the 
TLCS-Z80 
assembly 
language. 
(2) 
Can 
output 
an 
assemble 
list 
to 
the 
console, 
the 
list 
output 
device 
or 


the 
floppy 
disk 
unit. 


(3) 
Cretes 
an 
intermediate 
object 
on 
a 
diskette. 


(4) 
Prohibits 
the 
output 
to 
an 
intermediate 
object. 


(5) 
Can 
link 
the 
intermediate 
object 
of 
individual 
relocatable 
mode 
to 
one 
program 
and 
can 
load 
it, 
which 
allows 
the 
intermediate 
object 
file 
to 
be 
converted 
into 
an 
executable 
object 
file 
on 
the 
CP/M 
operating 
sytem. 


(6) 
Can 
create 
a 
file 
of 
the 
iHEX 
format 
(Intel 
HEX 
format) 
to 
write 
in 
EPROM 
and 
to 
transfer 
the 
other 
system. 


(7) 
Can 
output 
special 
list 
file 
padded 
with 
control 
character 
for 


generating 
a 
cross 
reference 
list. 
(8) 
Has 
the 
functions 
for 
creating 
a 
file 
in 
which 
the 
library 
of 
an 
intermediate 
object 
module 
is 
stored, 
and 
of 
controlling 
a 
library 


such 
as 
a 
information 
list. 


In 
this 
manual, 
the 
numeric 
values 
mean 
hexadecimal 
if 
"H" 
is 
affixed 
immediately 
after 
a 
character 
string, 
and 
mean 
deciaml 
if 
they 
are 
numeric 


vlues 
other 
than 
the 
above 
and 
unless 
they 
are 
otherwise 
specified. 


This 
chapter 
describes 
the 
microcomputer 
architecture 
or 
system 


configuration 
and 
function 
only, 
especially 
laying 
stress 
on 


microprocessor 
(hereinafter 
called 
simply 
a 
MPU), 
in 
the 
extent 
that 
a 
programmer 
must 
be 
familiar 
with. 
See 
Integrated 
Circuit 
Techinical 
Data 


for hardware 
characteristics. 


2.1 
System 
configuration 
An 
example 
of 
the most 
basic 
TLCS-Z80 
system 
is shown 
in Fig. 
2.1. 
The 
TLCS-Z80 
can 
specify 
the 
addresses 
of 
external 
memory 
of 
64K 
bytes 


(OOOOH 
to FFFFH) 
at 
a maximum 
according 
to the 
16-bit 
address 
buses 
(AO 
to 
A15). 


In 
the TLCS-Z80, 
the 
low order 
8 bits 
are 
used 
for 
1/0 
addressing, 
so that 


a user 
can 
directly 
select 
the 
input 
port 
or output 
port 
of 256 
bytes 
(OOH 
to 
FFH) 
at 
a 
maximum. 
further, 
the 
A 
register 
contents 
(high 
order 
8 
bits) 
and 
the 
directly 
specified 
val ue 
(low 
order 
8 
bits) 
or 
the 
B 
register 
contents 
(high 
order 
8 
bits) 
and 
the 
C 
register 
contents 
(low 


order 
8 bits) 
are 
output 
into 
the address 
bus 
according 
to the 1/0 
port 
of 


64K 
bytes 
at a maximum 
may 
be given 
by use 
of all 
of 
16 bits. 
---- I 
1\ 
I 
\ 
I 
AO 
to A 15 
Address 
(16) 
I 
I 
I 
I 
II 


TLCS 
I 
I 
I 
I II 
I 
I 
1\ 


Z80 
II 
I 
I 
\ 
1\ 
DO to 07 
I 
Data 
Bus(8) 
I 
I 


MPU 
I \1 
1\ 
I 
1\ 
I 
II 


I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1\ 


I 
I 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
Control 
Bus 
I 
I 
I 
I 


---- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\1 
\1 
\1 
OOOOH 
\1 
\I 
\1 


OOOOH 
256 
bytes 
1/0 


(Can 
directly 
port 
Memory 
OOFFH 
specify) 
(64K 
(64K 
bytes) 
bytes) 


FFFFH 
FFFFH . 
. 
..................... 


1\ 
I 
I 


I 
I 


\1 
External 


Fig. 
2.1 
Example 
of System 
Architecuture 


MAC80-2 


the 
typical 
MCU 
(TMPZS4COOP) 
pin 
configuration 
of 
TLCS-ZSO 
family 
is 
as 


shown 
in Fig. 
2.2. 


MT 
(--- 
27 
30 
---) 
AO -I 
I 


31 
---) 
Al 
I 
I 


MREQ 
(--- 
19 
32 
---) 
A2 
I 
I 
IORQ 
(--- 
20 
33 
---) 
A3 
I 


System 
con- 
I 


trol 
signal 
RD 
(--- 
21 
34 
---) 
A4 
1 
I 
WR 
(--- 
22 
T 
35 
---) 
A5 
I 


M 
1 


P 
36 
---) 
A6 


RFSH 
(--- 
2S 
Z 
37 
---) 
A7 
Address 


S 
Bus 


4 
3S 
---) 
AS 
C 
HALT 
(--- 
IS 
0 
39 
---) 
A9 
0 
p 
40 
---) 
AIO 


WAIT 
---) 
24 
---) 
All 


MPU 
control 
2 
---) 
A12 
signal 


INT 
---) 
16 
3 
---) 
A13 


NMI 
---) 
17 
4 
---) 
Al4 


5 
---) 
Al5- 


RESET 
--) 
26 


14 
---) 
DO 
MPU 
Bus 
con- 
I-RESREQ 
-) 
25 
15 
---) 
DJ 
trol 
signal 
-BUSACK 
(- 
23 
12 
---) 
D2 


S 
---) 
D3 
Data 
bus 


7 
---) 
D4 
Clock 
input 
CLK 
---) 
6 
9 
---) 
D5 
+5V 
VCC 
11 
10 
---) 
D6 
OV 
VSS 
---I 
29 
13 
---) 
D7 
I 


FIG. 
2.2 
Pin 
Configuration 


MACSO-3 


IPin NamelPin 
No. I 
I/O 
I 


AO 
- A15 1---16---1Output I 


DO - 07 
I 
8 
I 
I/O 
I 
Ml 
1 
10utput 
I 
10utput 
Output 


RO 
WR 
RFSH 
HALT 


Output 
Output 
Output 
Output 


WAIT 
INT 
NMI 


Input 
Input 
Input 


RESET 
BUSREQ 
BUSACK 
CLK 


VCC 
VSS 


Input 
I 
Input 
I 


Outputl 
Input 
I 
Power 
I 
Power 
I 


Functions 
Address 
bus, 
AO 
to A7 
I/O 
addressing 
Bi 
directional 
data 
bus 
Output 
at 
time 
fetch 
cycle 
of 
OP 
code 


Interrupt 
acceptance 
signal 
Memory 
request 
signal 
Memory 
request 
signal, 
interrupt 
signal 
Memory 
read 
out 
strobe 
signal 
Memory 
write 
in 
strobe 
signal 
Refresh 
signa 1 
Output 
at 
time 
execution 
of HALT 
instruction 
Wait 
request 
signal 
Interrupt 
request 
signal 
Non 
maskable 
interrupt 
request 
signal. 


Detect 
at 
the 
negative 
edge. 
Reset 
terminal 


Bus 
request 
signal 
Bus 
acceptance 
signal 
Clock 
input 
+5V 
OV 


2.3 
Internal 
configuration 
of TLCS-Z80 


Internal 
configuration 
of TLCS-z80MPU 
is 
shown 
as 
below. 


(1) 
Main 
register 


A, 
F, 
B, 
C, 
OJ 
E, 
H, 
L 


(2) 
Auxiliary 
register 


A', 
F', 
B', 
e', 
0', 
E', 
H', 
L' 


(3) 
Exclusive 
register 
I, 
R, 
IX, 
IY, 
SP, 
PC 


I 
I 
I 
I 
I 
I 


acceptancel 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


The 
configuration 
of 
these 
registeres 
are 
shown 
in 
Fig 
2.3 
centering 
around 
18 8-bit 
registers 
and 
4 
l6-bit 
registers. 


7 
0 
7 
0 


I 
I 
I 
I 
Accumulator 
I 
Flag 
I 


I 
A 
I 
F 
I 


I 
I 
I 


Register 
for 
B 
C 
general- 
° 


E 


purpose 
H 
L 


Accumulator 
Flag 


A' 
F' 


B' 
C' 


0' 
E' 


H' 
L' 


Interrupt 
vector 
Memory 
refresh 


I 
R 


Main 
register 


Auxiliary 
register 


Exclusive 
register 


Register 
for 
general- 
purpose 


Index 
register 
Index 
register 
Stack 
pointer 


Program 
counter 


2.3.1 


(1) 
Main 
register 
(A, 
F, 
B, 
C, 
0, 
E, 
H, 
L) 
Accumulator 
(A) 
The 
accumulator 
is 
a 
8-bit 
register 
used 
for 
arithmetic 
operaiton 
and 


data 
transfer. 


Flag 
register 
The 
flag 
register 
is 
8-bit 
register 
for 
holding 
the 
status 
of 
operation 
result, 
etc. 
and 
in 
fact, 
6 
bit 
of 
them 
is 
set/reset 
according 
to 


conditions 
specified 
by 
an 
instruction. 


The 
follwoing 
4 
bits 
can 
be 
used 
as 
conditions 
for 
jump, 
call 
or 
return 


instructions: 
(a) 
Sign 
flag 
(S) 
This 
flag 
is 
intended 
to 
be 
used 
with 
signed 
numberts 
and 
it 
is 
set 
if 
the 
result 
of 
the 
operation 
was 
negative. 
This 
flag 
stores 
the 
state 
of 
bit 
7 
in 
the 
accumulator. 


(b) 
Zero 
flag 
(Z) 


This 
flag 
is 
set 
to 
I 
if 
the 
resul 
t 
of 
the 
operation 
loaded 
a 
zero 


into 
the 
accumulator. 
Otherwise, 
it 
is 
reset. 


(c) 
Parity/overflow 
flag 
(P/V) 


This 
flag 
has 
two 
functions, 
the 
one 
is 
to 
indicate 
the 
parity 
when 
logical 
operations 
are 
performed 
(such 
as 
AND A, 
B). 
This 
flag 
is 
set 
to 
I 
if 
the 
parity 
of 
the 
result 
of 
signed 
two's 
complement 
arithmetic 
operations 
in 
even 
and 
it 
is 
reset 
to 
0 
if 
the 
result 
is 


odd. 
The 
other 
1S 
to 
indicate 
overflow 
when 
arithmetic 
operations 
are 
performed. 
The 
overflow 
fl ag 
indicates 
that 
the 
two's 
complement 
number 
in 
the 
accumulator 
is 
in 
error 
since 
it 
has 
exceeded 
the 


maximum 
number 
(+127) 
or 
is 
less 
than 
the 
minimum 
number 
(-128) 
that 


can 
be 
represented 
in 
two's 
complement 
notation. 


An example 
of 
addition 
is 
shown 
below. 


(Decimal 
number) 
+120= 
+105= 
C=O 


(Binary 
0111 
+)0110 
1110 


number) 
1000 
1001 
0001 
+225 
Overflow 
has 
occured 


(Decimal 
number) 
-5= 
-16= 
C=l 


(Binary 
1111 
+)1111 
1110 


number) 
1011 
0000 
1011 


As 
the 
result 
of 
this 
operation 
is 
-21 
which 
is 
larger 
than 


-128, 
the 
overflow 
flag 
is 
reset 
to 
zero. 


( d) 
Carrry 
fl. ag 
(C) 
This 
carry 
flag 
is 
set 
if 
a 
carry 
is 
generated 
from 
bit 
7 
of 
the 


accumulator 
or 
if 
a 
borrow 
is 
generated 
as 
a 
re su 1t 
of 
the 


subtraction. 


The 
following 
two 
flags 
cannot 
be 
tasted 
and 
set/reset 
directly 
by 
the 
programmer. 
Both 
of 
these 
flags 
are 
used 
for 
BCD arithmetic 
operations. 


(a) 
Half-carry 
flag 
(H) 
This 
flag 
used 
as 
a 
carry 
from 
the 
least 
significant 
4 
bits 
o·f 
operation. 
When 
using 
the 
DAA 
instruction 
(Decimal 
adjust 
instruction) 
the 
MPU 
automatically 
uses 
this 
flag 
to 
correct 
the 
result 
of 
a 
decimal 
addition 
or 
subtraction 
and 
to 
calculate 
the 
correct 
result. 


(b) 
Add/subtract 
flag 
(N) 


Since 
the 
algorithm 
in 
BCD 
operation 
is 
different 
for 
addition 
or 


subtraction, 
this 
flag 
1S 
used 
to 
indicate 
whether 
the 
executed 


operation 
was 
addition 
or 
subtraction. 
The 
add/subtract 
flag 
is 
automatically 
used 
by 
the 
MPU 
to 
correctly 
execute 
the 
DAA 


instruction 
as 
in 
the half-carry 
flag 
(H). 


Now, 
out 
of above 
flags 
those 
requiring 
special 
explanation 
are 
descirbed. 


If 
source 
data 
match 
data 
in 
the accumulator 
in 
the comparison 
instruction 
for 
the 
block 
search, 
the 
zero 
f1ag 
is 
set 
to 
1. 
The 
pari ty 
flag 
is 
set 
to 
1 if 
the 
byte 
counter 
(BC 
register 
pairs) 
is 
not 
zero. 
In 
the 
block 


transfer 
instruction, 
the parity 
flag 
is used 
in the 
same 
manner 
as 
in 
the 


block 
search 
instruction. 
In 
the 
block 
I/O 
instruction 
the 
zero 
flag 
is 
used 
to 
indicate 
the 
state 
of 
the B 
register 
used 
as 
the 
byte 
counter. 
When 
the 
I/O 
block 
transfer 


is completed, 
the parity 
flag 
is reset 
to zero. 


At 
the 
time 
of 
refresh 
or when 
the 
content 
of 
the 
I 
register 
is 
loaded 
on 


the 
accumulator, 
the 
content 
of 
the 
interruption 
authorizing 
flip-flop 
(IFF) 
is evacuated 
in 
the parity 
flag 
and 
the MPU 
is therefore 
always 
kept 
in 
the complete 
state. 


For 
detaisl 
of 
the 
block 
search, 
transfer 
instruction 
and 
interruption 


process, 
refer 
to 
Section 
4. 
Machine 
Lauguage 
and 
Sub-section 
2.4 


Interuption 
process. 


(3) 
General 
purpose 
registers 
(B, C, 
D, E, H, L) 
These 
are 
the 
8-bit 
registers 
and 
each 
of 
them 
is 
used 
individually 
to 


assist 
the accmulator 
as a 8-bit 
register, 
and 
in addition, 
they may 
be 
used 
as 
l6-bit 
register 
pairs 
(BC, 
DE, 
HL). 


2.3.2 
Auxiliary 
registers 
(A' ,F' ,B' ,C' ,D' ,E' ,H' ,L') 
The 
auxiliary 
registers 
are 
in 
the 
same 
configuration 
as 
that 
of 
the 
main 
registers. 
There 
is 
no 
instruction 
to 
directly 
handle 
the 
auxiliary 
registers 
but 
it 
is 
possible 
to 
perform 
the 
data 
processing 
by 
transferring 
the contents 
of 
the auxiliary 
registers 
to the main 
registers· 


using 
the 
exchange 
instruction 
with 
the 
main 
registers. 
Data 
can 
be 


exchanged 
between 
the main 
registers 
and 
the auxiliary 
registers 
only 
when 
such 
simple 
exchange 
instructions 
as 
shown 
below 
are 
used. 


EX 
AF,AF'.(A<---->A',F<-- 
-->F') 


EXX 
(B<-- 
-->B' ,C<-- 
-->C' ,D<-- 
-->D' ,E<-- 
-->E',H<-- 
-->H' ,L<-- 
-->L') 


In 
systems 
where 
fast 
interrupt 
response 
is required, 
an accumulator, 
flag 
registers 
and 
general 
purpose 
registers 
at 
one 
side 
can 
be 
quickly 
evacuated 
to 
another 
side 
using 
this 
method. 
This 
greatly 
reduces 
interruption 
service 
time 
by 
eliminating 
the 
requirement 
for 
saving 
and 
retrieving 
register 
contents 
in 
the 
external 
stack 
during 
interrupt 
or 
subroutine 
processing. 


2.3.30) 


These 
general 
purpose 
registers 
can 
be 
used 
for 
a 
wide 
range 
of 
applications 
in 
the 
programming. 
For 
instance, 
in 
simple 
programs, 


especially 
in 
ROM 
based 
systems 
where 
simple 
external 
read/write 
memories 


are 
required, 
these 
general 
purpose 
registers 
can 
be 
used 
for 
these 


memorires. 


Dedicated 
registers 
(I, 
R, 
IX, 
IY, 
SP, 
PC) 


Interrupt 
page 
address 
register 
(I) 


The 
TLCS-ZSO 
MPU 
can 
be 
operated 
in 
a 
mode 
where 
an 
indirect 
call. 
to 
any 
memory 
location 
can 
be 
achieved 
in 
response 
to 
an 
interrupt. 
For 
this 
purpose, 
the 
I 
register 
is 
used 
to 
store 
the 
high 
order 
S 
bits 
of 
the 
indirect 
address 
while 
the 
interrupting 
device 
provides 
the 
lower 
S 
bits 
of 
the 
address. 
This 
feature 
all.ows 
interrupt 
routines 
to 
be 


located 
anywhere 
in 
memory 
with 
extremely 
minimal 
access 
time 
to 
the 


routine. 
Memory 
refresh 
register 
(R) 


The 
TLCS-ZSO 
MPU 
contains 
a memory 
refresh 
counter 
(register) 
to 
enable 


dynamic 
memories 
to 
be 
used 
with 
the 
same 
ease 
as 
static 
memories. 
Low 
order 
7 
bits 
of 
S 
bits 
are 
automatically 
incrmented 
after 
each 
instruction 
fetch 
to 
designate 
the 
refresh 
address. 
This 
data 
is 
sent 
out 
to 
the 
lower 
7 bits 
of 
the 
address 
bus 
along 
with 
a 
refresh 
control 


signal 
while 
the 
CPU 
is 
decoding 
and 
executing 
the 
fetched 
instruction. 
This 
mode 
of 
refresh 
requires 
no 
special 
care 
of 
the 
programmer 
and 
does 
not 
slow 
down 
the 
MPU 
operation. 
The 
programmer 
can 
load 
the 
R 
register 
for 
testing 
purpose, 
but 
this 
register 
is 
normally 
not 
used 
by 


the 
programmer. 
During 
refresh, 
the 
contents 
of 
the 
I 
register 
are 
output 
to 
the 
upper 
S 
bits 
of 
the 
address 
bus. 


Index 
registers 
(IX, 
IY) 
The 
two 
independent 
index 
registers 
IX 
and 
IY 
hold 
a 
l6-bit 
base 


address 
that 
is 
used 
in 
indexed 
addressing 
modes. 
In 
this 
addressing 


mode, 
an 
index 
register 
is 
used 
as 
a 
base 
address 
to 
designate 
a 
region 
in 
memory 
from 
which 
data 
is 
to 
be 
stored 
or 
retrieved. 
For 
details 
of 
the 
addressing 
modes, 
refer 
to 
Sub-section 
4.2 
Addressing 
modes. 


Stack 
pointer 
(SP) 
The 
stack 
pointer 
is 
a 
l6-bit 
register 
that 
is 
used 
to 
provide 
the 


information 
of 
top 
address 
of 
a 
stack 
located 
in 
external 
system 
RAM. 
The 
contents 
of 
the 
stack 
pointer 
are 
decreased 
when 
call 
and 
PUSH 
instructions 
are 
executed 
and 
interrupt 
is 
processed, 
whi le 
they 
are 


increased 
when 
return 
and 
POP 
instruction 
are 
executed. 
The 
data 
is 


trans ferred 
from 
the 
des igna ted 
regis ter 
to 
the 
s tack 
by 
the 
PUSH 
instruction 
and 
from 
the 
stack 
to 
the 
designated 
register 
by 
the 
POP 
instruction. 
The 
data 
is 
always 
taken 
out 
of 
the 
stack 
in 
order 
of 
the 


last 
data 
pushed 
onto 
it. 
The 
stack 
allows 
simple 
implementation 
of 
multiple 
level 
interrupts, 
unlimited 
subroutine 
nesting 
and 


simplification 
of 
many 
types 
of 
data 
manipulation. 


However, 
as 
the 
programming 
it 
is 
to 
designate 
the 
program. 


stack 
is 
not 
initialized 
by 
the 


necessary 
to 
decide 
a 
region 
(in 
RAM) 


initial 
value 
(the 
highest 
address) 


hardware, 
in 


in 
advance 
and 
in 
the 
initial 


(5) 
Program 
counter 
(PC) 


The 
program 
counter 
holds 
the 
l6-bit 
memory 
address 
of 
an 
instruction 


to 
be 
executed. 
The 
MPU 
fetches 
the 
instruction 
from 
the 
memory 
address 
indicated 
by 
the 
program 
counter. 
The 
program 
counter 
is 
automatically 
increased 
after 
its 
contents 
are 
sent 
out 
to 
the 
address 
bus. 
However, 
the 
program 
counter 
is 
not 
increased 
in 
the 
case 
of 
jump 
and 
call 
instructions 
and 
the 
new 
address 
is 
set 
in 
the 
program 
counter. 
The 
above 
operations 
are 
all 
automatically 
performed, 
and 
no 
special 
care 
is 
required 
in 
programming. 


2.4 
Interrupt 
process 


The 
purpose 
of 
an 
interrupt 
is 
to 
allow 
peripheral 
devices 
to 
suspend 
MPU 
operations 
which 
are 
normally 
processed 
by 
the 
peripheral 
devices 
and 


force 
the 
MPU 
to 
execute 
an 
interrupt 
service 
routine. 
Usually, 
this 
service 
routine 
is 
involved 
with 
exchange 
of 
data, 
or 
status 
and 
control 
information, 
between 
the 
MPU 
and 
the 
peripheral 
devices. 
Once 
this 
service 
routine 
is 
completed, 
the 
MPU 
returns 
to 
the 
operation 
from 
which 
it 
was 
interrupted. 


2.4.1 
Interrupt 
enable/disable 
The 
TLCS-ZSO 
MPU 
has 
two 
interrupt 
inputs, 
a 
software 
maskable 
interrupt 
and 
a 
non 
maskable 
interrupt. 


The 
non 
maskable 
interrupt 
(NMI) 
cannot 
be 
disabled 
by 
a 
program 
and 
it 
is 
accepted 
unconditinally 
whenever 
requested 
by 
a 
peripheral 
device. 
This 
interrupt 
is 
generally 
reserved 
for 
a very 
important 
function 
to 
protect 
a 
system 
from 
unforeseen 
accidents 
such 
as 
sudden 
power 
failure, 
etc. 
The 
maskable 
interrupt 
(INT) 
can 
be 
selectively 
enabled 
or 
diabled 
by 
a 
program. 
For 
instance, 
the 
interrupt 
is 
disabled 
by 
a 
program 
when 
a 
timer 
is 
used 
to 
interrupt. 
In 
the 
MPU 
there 
is 
an 
enable 
flip 
flop 
(IFF) 


that 
is 
set/reset 
by 
the 
program 
using 
the 
Enable 
Interrupt 
(EI) 
and 
Disable 
Interrupt 
(DI) 
instructions. 
Actually, 
there 
are 
two 
fl ip 
flops, 
called 
IFFI 
and 
IFF2. 


Actually 
disables 
/enables 
_ 
interrupts 


Temporary 
storage 
loca- 


tion 
for 
IFFI 


When 
the 
MPU 
is 
reset 
and 
an 
interrupt 
is 
accepted 
under 
the 
enable 
sate, 


both 
IFFI 
and 
IFF2 
are 
reset 
to 
disable 
interrupts. 
Any 
pending 
interrupt 
request 
is 
accpeted 
after 
the 
instruction 
following 
El 
instruction 
has 


been 
executed. 
This 
single 
instruction 
delay 
is 
necessary 
for 
cases 
when 


the 
following 
instruction 
is 
a 
return 
instruction 
and 
interrupts 
must 
not 


be 
allowed 
until 
the 
return 
has 
been 
completed. 
During 
the 
above 
operation, 
the 
contents 
of 
both 
IFFI 
and 
IFF2 
agree 
each 
other. 
When 
a 
non 
maskable 
interrupt 
is 
accepted, 
IFFI 
is 
reset 
(disabled) 
to 


prevent 
further 
interrupts 
until 
reenabled 
by 
the 
program. 
Therefore, 
it 


is 
necessary 
to 
reserve 
the 
state 
immediately 
before 
the 
acceptance 
of 
non 


maskable 
interrupt, 
that 
is, 
interrupt 
enable/disable. 


When 
a 
load 
instruction 
form 
I 
register 
to 
the 
accumulator 
(LD 
A, 
I) 
or 
a 


load 
instruction 
from 
R 
register 
to the 
accumulator 
(LD A, 
R) 
is executed, 


the 
content 
of 
IFF2 
is 
copied 
into 
the 
parity 
flag 
where 
it 
can 
be 
tested 
or 
stored. 
When 
a 
return 
instruction 
(RETN) 
from 
non 
maskable 
interrupt 
is executed, 
the 
contents 
of 
IFF2 
are 
copied 
back 
into 
IFFI, 
just 
prior 
to 


the 
acceptance 
of 
the non 
maskable 
interrupt 
is automatically 
restored. 


Action 
I 
IFFI 
I 
IFF2 
I 
Remarks 
MPU 
reset 
1--0-1--0-1 


DI 
I 
0 
1 
0 
I 


EI 
1 
I 
I 
I 
I 
LD 
A, 
I 
1 
* 
I 
* 
1 
Parity 
flag 
(---- 
IFF2 


LD A, 
R 
1 
* 
1 
* 
1 
Parity 
flag 
(---- 
IFF2 
Accept 
NMI 
1 
0 
I 
* 
1 


RETN 
1 IFF2 
I 
* 
1 
IFFI 
(--- 
IFF2 


2.4.2 
(1) 
MPU 
response 
Non 
maskable 
interrupt 


A 
non 
maskable 
interrupt 
is 
accepted 
at 
all 
times 
by 
the 
MPU. 
When 
this 
occurs, 
the 
MPU 
calls 
a 
program 
starting 
from 
address 
0066 
in 
the 


memory 
ignoring 
the 
next 
instruction. 
So, 
a 
subroutine 
for 
this 


interrupt 
is necessary 
to have 
been 
set 
from 
address 
0066H. 


Non 
maskable 
interrupt 
I 
I 


1 
----------------- 
1 
I~I 
Service 
routine 
1__ 1 


(2) 
Maskable 
interrupt 
There 
are 
three 
kinds 
of modes 
for maskable 
interrupts. 


(a) 
Mode 
0 
Under 
this 
mode, 
the 
interrupting 
device 
can 
place 
the 
restart 
or 


call 
instruction 
on 
the 
data 
bus 
and 
the 
MPU 
executes 
the 
service 


routine 
according 
to 
that 
instruction. 
When 
reset 
is 
applied, 
the 


MPU 
is automatically 
placed 
in 
this 
mode. 


Interrupt under Mode 0 


I 
I 


I 
----------------- 
1 
1---+1 
Service Routine 1__ 1 


Instruction 
from peripheral device 


Address according 
to CALL or RST 


(b) 
Mode 
1 


When an interrupt 
is accepted 
under 
this mode, 
the MPU 
restarts 
from 


address 
0038H. 
the 
service 
routine 
for 
interrupts 
under 
this mode 


must have been set to start from address 0038H. 


Interrupt under Mode 1 


1 


1 


I 
----------------- 
1 


1---71 
Service Routine 1__ 1 


(3) 
Mode 2 
For 
handling 
interrupts 
under 
this mode, 
it 
is 
necessary 
to 
have 
a 


l6-bit pointer of which upper 8 bits are the contents of the I register 
and lower 8 bits are data taken from the interrupting 
device, 
of which 


the least significant bit is a zero. 
Therefore, a necessary value must 
be 
loaded 
in 
advance 
on 
the 
I 
register. 
This 
pointer 
is 
used 
to 


designate 
the 
location 
of 
memory 
of 
table 
that 
stores 
the 
service 


routine 
starting address. 
The contents 
of this designated 
address 
and 


next· address 
will 
become 
the 
service 
routine 
starting 
address. 
Therefore, when this mode is used, the service routine starting address 
(16 bits) 
table must be set at a proper location in advance. 
The 
table 


can be set at any location in the memory. 
Further, 
to make 
the least 
significant bit of the table pointer 
zero, 2 byte data are required as 


the 
service 
routine 
starting 
address 
is 
designated 
completely 
in 
16 


bits and the address must always 
start in even location. 
The 
starting 


address in the table is in order of low order and high order bytes. 


I 
I 
I 
I---I---S-~-~~ 
i~~-;~:-~-i-~-~---I-I 


--7 
- 
----------------- 


I 
I 


Peripheral 
device 


I 


1 
I 
1~1 
I order I 
I~I 


I 
order 
1 
1--1 
I 
I 
I 
I 


2.5 
Reset signal 


The following processes are executed by the system reset signal: 
(1) 
Program 
counter 
Address 
OOOOH 
is 
set 
and 
the execution 
of 
a 
program 
is 
started 
from 


this address. 


(2) 
Interruption 
Both IFFl and IFF2 are 
reset 
to zero and 
the maskable 
interrupt 
(INT) 


is disabled. 
Further, 
the interrupt mode becomes Mode O. 


(3) 
Control 
pins 


Non-acitve 
signal (high) is output from all control pins and therefore, 


the hold status is also released. 


(4) 
Interrupt 
page address 
register (I Register) 
The content of the I register becomes OOH, 


(5) 
Refresh 
register 
(R register) 
The content of the R register becomes OOH. 


A source 
program 
is 
a 
group 
of 
source 
statements. 
source 
statements 
are 


roughly divided 
into a machine 
instruction 
statement, 
assembler 
directive 
statement, 
instruction 
statement 
for macro 
function and assembler 
control 


directive 
statement. 
The 
machine 
instruction 
statement, 
in 
general, 
corresponds 
to 
one 
or 
some 
machine 
language, 
and 
all 
the 
others 
are 


instructions 
for 
the assembler 
and 
and 
process 
a 
memory 
storage 
area, 
a 


symbol, a constant, 
a macro, 
an assemble 
condition 
and 
a control 
of 
I/O, 
etc. 
In this case, no machine 
language is generated. 
As 
shown below, 
a 
source 
statement 
consists 
of 
four 
fields: 
name 
field, 
operation 
code 
field, 
operand 
field 
and 
comment 
field. 
However, 
some 


fields may be omitted depending on the type of source statement. 


Source Statement 
Operation Code Field 
Operand Field 


Generally, 
":" 
(colon) 
shall 
be 
used 
as 
a 
delimiter 
which 
indicates 
the 
end 
of 
the 
name 
field, 
but 
for 
EQU 
directive, 
DEFL 
directive, 
MACRO 


directive 
only 
sapce( ) shall be used. 
The 
end 
of 
the operation 
code 
is 


indicated by space and the start of the comment 
field is indicated by";" 
(semicolon). 
Arbitrary 
number 
of 
space 
can 
be 
inserted 
between 
various 
fields 
as 
well 
as 
before 
and 
after 
those 
fields 
of 
source 
statements; 


however, 
such 
parts 
as 
symbols, 
constants 
etc. 
of 
which 
meanings 
are 
changed 
when 
the 
space 
is 
inserted 
in 
the 
middle 
of 
the 
parts 
are 
excluded. 
it 
is 
recommended 
to 
limit 
number 
of 
characters 
per 
line 
of 
a 
source 
statement to less than 131 to the exclusion of <CR> and <LF>. 


3.1 
Character 
set 


The following characters can be used in this assembly 
language. 


Alphabetic 
capital characters 
••. 
A to Z 


Alphabetic 
small characters •••••• 
a to z 


Numeric 
letters 
••••••••••••••.• 
0 to 9 


Operation 
symbol 
••••••••••••••• 
+, -, *, /, 
( ) 


Special 
characters 
$, 
" 
", 
:, 
;,?, 
ii, 
" 
., 
@, 
!, 
%, 
&, 


(space), 
HT 
(horizontal 
tab), 
<CR> 


(carriage return) 


In addition 
to the above 
characters, 
ASCII 
characters 
can be 
used 
in the 
comment field. 
Except character constants, character 
strings and comments 


enclosed 
in quotation 
marks, 
small characters 
are 
converted 
into 
capital 


characters and are internally processed. 


3.2 
Name field 


A symbol is written 
in the name field only when a name is required 
for the 
source statement. 
Such a symbol can be used 
(referred 
to) in the operand 
field 
of 
an 
arbitrary 
source 
statement. 
When 
no 
name 
is 
required, 
the 


symbol: 
{:} 
is omitted. 
If the symbol:: 
is written 
in the name 
field, 


the symbol is declared as GLOBAL and can be used even in other programs by 
being declared as EXTERNAL. 
For declaration of GLOBAL and EXTERNAL, 
refer 


to the paragraph of instructions related to 5.5 Linkage. 


A 
symbol is expressed 
in terms of a 
series 
of alphameric 
sharacters 
of 
1 
to 
16 characters, 
but 
the 
first 
character 
must 
be 
otheres 
than 
numeric 
characters 
(0 to 9). 
The special characters 
of $, 
?, @ can be used as 
symbols at the same level as alphabetic 
characters. 
For GLOBAL 
symbol and 
EXTERNAL 
symbol, 
however, 
the 
alphabetic 
characters 
of 
maximum 
six 
characters beginning with alphabetic character are valid. 


ABC,@XYZI 
All of these are valid as symbols. 


The 
symbols 
which 
already 
appeared 
in 
the 
name 
field, 
(except 
for 
DEFL 
directive) 
the symbols which 
have 
been 
defined 
as 
the operation 
ocdes 
or 
the 
symbols 
(reserved 
symbols) which 
have 
been 
defined 
as 
the 
names 
of 
registers, etc. cannot be used in the name field. 


(Example) 
NAME 
Operation 
code 
IX 
Reserved 
symbol 


These 
symbols cannot be used as symbols in the name field. 


If the symbol 
:{:} is written 
in the name 
field, 
the first address 
value 
assigned 
to the source statement 
is defined 
as 
the value 
of 
the symbol. 
For 
a 
source 
statement 
of 
only 
symbol 
:{:}, 
the 
first 
address 
value 
assigned to a 
subsequent 
source statement 
is defined as the value of that 
symbol. 
Namely, a two-line source statement such as 


Symbol:{:} 
Operation 
code 
Operand 


is equivalent 
to 
Symbol:{:} Operation 
code 
Operand 


For EQU directive, 
the expression 
value 
of 
the operand 
is defiend 
as 
the 
symbol of the name fild. When a symbol defined 
in the name 
field 
is used 
in the operand 
field of an arbitrary 
source statement, 
the value given 
to 
that symbol is substituted 
for the symbol. 


Further, 
for 
DEFL 
directive 
like EQU 
directive, 
the 
expression 
value 
of 
the 
operand 
is 
defined 
as 
the 
symbol. 
So 
far 
as 
DEFL 
directive 
is 
concerned, 
the 
symbol 
written 
in 
the 
name 
field 
of 
DEFL 
directive 
is 
written 
in 
the 
name 
field 
of 
another 
DEFL 
directive, 
and 
the 
different 
value can be regiven to the symbol. 
For MACRO directive, 
the symbol written 
in the name field can be used 
for 
referring 
to the whole MACRO. 
(MACRO to ENDM). 


A value is assigned 
to the symbol defined. 
The value is available 
in an absolute value and a relocatable value. 


All 
the symbols delimited by use of one colon 
(:) or 
two colons 
(::) are 
provided 
with 
numerical 
attributes, 
and 
teh 
location 
counter 
values 
of 
segment 
at 
time 
of 
the 
symbol 
definition 
are 
assigned 
to 
the 
symbols. 
When 
the segment attributes at time of the symbol assignement 
is ASEG, 
the 
value 
is served as an absolute value. 
When 
the symbol 
is defined 
by 
the 
segments other than ASGE, used 
together with 
the symbol ## or declared 
as 
EXTERNAL, 
it is served as a relocatable value. 


The operands 
of EQU 
directive 
and 
DEFL directive 
are allowed 
to describe 
expression as well as constant, 
so that their values 
are served as either 
absolute values or relocatable vlaues. 


3.3 
Operation 
code 
A simbolic code defined as operation code is written 
in the operation 
code 


field. 
In general, 
the operation 
code 
is a 
symbol 
of a 
short alphabetic 
character 
string 
in a 
form easy 
to memorize, 
that 
is, 
a mnemonic 
code. 


The 
symbol of 
the operation 
code 
represents 
the type of 
instuction, 
that 


is, the processing 
function. 
In 
the operation 
code, 
there are 
a machine 


instruction, 
assembler 
directive, 
MACRO 
directive 
and 
assembler 
control 
directive 
etc. 
The 
function 
of 
each 
instruction 
and 
directive 
is 
described 
in the later chapter. 


In 
case 
of 
reference 
for 
symbol 
defined 
in 
the 
name 
field 
of 
MACRO 
directive, 
a 
symbol 
is 
described 
in 
the 
operation 
code 
field 
as 
macro 


directive. 


3.4 
Operand 
field 


The information 
of registers, addresses 
and data which 
are 
the objects 
to 


be processed by the instructions designated 
in the operation 
code field is 
described 
here. 
Depending 
upon 
the 
kind 
of 
instrcution, 
presence 
or 
quantity 
of the operand is determined 
in the operation 
field. 
When 
two or 
more operands are described, 
they must be separated by"," 
(comma). 


The operands can be described by the following representation means: 


(1) 
Numerical 
constant 


(2) 
Character 
strings 


(3) 
Character constant 


(4) 
Reserved 
symbol 


(5) 
Location 
counter reference ($) 


(6) 
Symbol 


(7) 
Expression 
containing 
the above 
(1), (3) to (6) with operators 


3.4.1 
Numerical 
constant 


A 
numerical 
constant 
has 
its 
own 
fixed 
value, 
and 
is 
represented 
by 
an 


alphameric 
charac ter 
string 
beginning 
wi th numeric 
charac ter. 
In 
other 


words, 
when 
a 
numerical 
constant 
is presented 
by 
hexadecimal 
number, 
if 


the first digit 
is not a 
numeric 
character 
(0 to 9) 
(that 
is, 
it is any 


one of A 
to F), 
it must 
be added with "0" at its top. 
Numericxal 
values 
can process 
the values 
representable 
by 16 bits without 
codes. 
Unless 
it 
is 
specified 
by 
special 
representation, 
it 
is 
always 
evaluated 
by 
the 
radix at present 
selected. 
When 
the results of numerical 
operation, 
etc. 


have become larger than 2 bytes, 
the overflowed 
parts are 
ignored and 
the 
lower-order 
16 bits remain as the results. 


(1) 
Binary constant 
This 
is 
represented 
by 
adding 
with 
the 
alphabetic 
character 
"B" 
denoting 
binary 
number 
at 
the 
end 
of 
numeric 
character 
string 
consisting of 0 and 1, and can process up to 16 digits. 
(2) 
Octal constant 
This 
is represented 
by 
adding 
with 
the 
alphabetic 
character 
"0" 
or 


"Q" 
denoting 
octal 
number 
to 
octal 
number 
string 
of 
0 
to 
7, 
and 


process 
the 
numerical 
values 
up 
to digits 
representable 
by 
16 bits 


max. 


(3) 
Decimal 
constant 
This 
is 
represented 
by 
adding 
with 
the 
alphabetic 
character 
"0" 
denoting 
decimal 
number 
to 
the 
numeric 
character 
string, 
and 
can 
process 
the 
numerical 
values 
up 
to 
5 digits 
representable 
by 
16 bits 


max. 
(4) 
Hexadecimal 
constant 
This 
is 
represented 
by 
adding 
with 
the 
alphabetic 
character 
"H" 
denoting 
hexadecimal 
number 
to 
the 
alphameric 
character 
string 
consisting 
of 
numerical 
characters 
and 
alphabetic 
characters 
A 
to 
F 
beginning 
with 
numerical 
characters 
0 
to 9, 
and 
process 
the 
numerical 
values 
representable 
by 
16 bits 
max. 
For 
hexadecimal 
number 
beginn- 
ing 
with 
alphabetic 
character 
A 
to 
F, 
which 
is 
represented 
by 
5 
digits 
max. 
as 
the 
first 
digit 
is added 
with 
O. 


Further, 
hexadecimal 
constant 
can 
be 
represented 
by 
adding 
with 
X 


immediately 
before 
the 
alphameric 
character 
string 
and 
enclosing 
it 
with 
quotation 
mark 
('), 
(5) 
Change 
of 
radix 
For 
the 
numerical 
representation 
of 
the 
above 
(I) 
to 
(4), 
the 


alphabetic 
characters 
"B't, 
110" or 
"Q", 
"0", 
IIH" 
or 
"XII 
are 
added, 
but 


the 
description 
of 
the 
alphabetic 
characters 
showing 
these 
kinds 
can 


be 
omitted 
by 
selecting 
anyone 
of 
the 
positive 
integers 
from 
2 
to 


16. 


A 
radix 
can 
be 
arbitrarily 
selected 
or 
changed 
according 
to 
the 
value 
described 
in 
the 
operand 
field 
of 
the 
assembler 
directive" 
.RADIX". 
The 


initial 
value 
is a decimal 
constant. 
(For 
the 
.RADIX 
directive, 
refer 
to 


paragraph 
7.2 
Assembler 
I/O 
control 
directive.) 


All 
the 
numerical 
constant 
shown 
in 
the 
following 
examples 


are 
valid. 


IB 
OIOIOB 


2345Q 
5670 


85600 
76910 


OAFBH 
X' 123' 


Radix 
is changed 
as 
follows: 
.RADIX 
16 
Once 
such 
a change 
is made, 
the character 
string 
without 
a symbol 
showing 
the kind 
of 
constant 
is processed 
as hexadecimal 
until 
the 
next 
change 
of 
a radix 
is 
specified. 
(Note) 
If 
a 
radix 
is 
set 
up 
as 
hexadecimal 
number, 
binary 
number 
and 


decimal 
number 
cannot 
be 
represented 
as 
constants 
because 
liB" 


and 
"0" 
representing 
as 
binary 
number 
and 
decimal 
number 
respectively 
are 
processed 
as hexadecimal 
data. 


3.4.2 
Character 
string 
A character 
stirng is a such a series of characters 
as characters 
of zero 
piece or more are enclosed with quotation 
marks. 
Either 
single quotation 
(') 
or 
double 
quotations 
marks 
(") 
may 
be 
used 
as 
quotation 
marks 
enclosing a character 
string. 
When 
in a character 
stirng quotation 
marks 
are used as one 
character, 
two pieces 
of quotaion 
marks 
are 
continuously 
describved. 
If 
there 
is 
no 
character 
between 
two 
pieces 
of 
quotation 
marks with which 
a character 
string 
is enclosed, 
the character 
string 
is 
regarded as a null string. 


(Example 1) 
DEFB 
This 
is defined as 


(Example 2) 
DEFB 


This is defined as 


"She is a beautiful girl." 
"She is a beautiful 
girl." 
"Shie is 
allllbeautifil"llgiri." 


IIShe 
is 
a"beautiful"girl.t1 


3.4.3 
Character 
constant 


A character constant is represented by enclosing 0,1 or 2 ASCII characters 
with quotation marks, being used in an expression 
involving operators. 
In 
case of involving 
no operators, 
it is recognized 
as a character 
string. 
When 
quotation 
marks 
are 
used 
as 
character 
constants, 
two 
of 
quotation 


marks are continuously 
described. 
Horizontal 
tabulation cannot be used as 
character 
constant. 
When 
assembly 
is 
made, 
a 
character 
constant 
consisting of one character 
is converted 
into the ASCII 
code value 
of the 
chacter. 
In other words, 
the higher order byte of the value is 0, and the 
ASCII code value of the character gets into the lower order byte. 
For the 
character 
constant 
consisting 
of two characters, 
the higher 
order byte 
is 
processed 
as 
the ASCII 
code 
value 
of 
the 
first 
character 
and 
the 
lower 
order byte is processed as the ASCII code of the second character. 


(Example 1) 
DEFW 
'A' +3 
In this example, 
'A' denotes 
a character 
constant, 
and 
the value 
of 


'A' is 41H. 
This directive 
is equivalent 
to DEFW 0044H. 


(Example 2) 
DEFW 
'AB' +3 


In this example, 
'AB' denotes a character 
constant, 
and 
the value 
of 
'AB' is 4l42H. 
This directive 
is equivalent 
to DEFW 4l45H. 


3.4.4 
Reserved word (Reserved symbol) 
For 
a 
register 
etc. 
intended 
for 
instruction 
process, 
a 
predetermined 
symbol is registered as a reserved word in the assembler. 
In case of some 
instructions, a predetermined 
symbol must be described without 
fail. 


Table 3.1 shows the reserved words of register. 


I Reserved I 
Object 
I Attribute 
1 
Name 
and 
Meaning 
I 
I 
Word 
1 
Code 
I 
I 
I 


1--------1----------1----------- 
------------------------------------··-1 
A 
00000111 
r,g 
Accumulator 
B 
00000000 
r,g 
B 
Register 
C 
00000001 
r,g 
C 
Register 


0 
00000010 
r,g 
0 
Register 
E 
00000011 
r,g 
E 
Register 
H 
00000100 
r,g 
H 
Register 
L 
00000101 
r,g 
L 
Register 


I 
Interrupt 
page 
address 
register 
R 
Memory 
refresh 
register 
IX 
00000011 
p 
Index 
register 
IY 
00000011 
Index 
register 
AF 
00000011 
q 
Register 
pair 
AF 


AFt 
Register 
pair 
AF' 
BC 
00000000 
p,q,s,t 
Register 
pair 
BC 
DE 
00000001 
p,q, 
S, t 
Register 
pair 
DE 


HL 
00000010 
q,t 
Register 
pair 
HL 


SP 
00000011 
p, t, 
S 
Stack 
pointer 
NZ 
00000000 
c 
Not 
zero 
(condition) 


Z 
00000011 
c 
Zero 
(condition) 
NC 
00000000 
c 
Not 
carry 
(condition) 
C 
00000011 
c 
Carry 
(condi tion) 
PO 
00000100 
c 
Odd 
parity 
(condition) 
PE 
00000101 
c 
Even 
parity 
(condition) 
P 
00000110 
c 
Plus 
numeric 
(condition) 
M 
00000111 
c 
Minus 
numeric 
(condition) 


3.4.5 
Location 
counter 
reference 
The 
appearance 
of 
the 
symbol 
"$" 
in 
the 
directive 
operand 
means 
the 
reference 
of 
location 
value 
of 
the 
present 
segment. 
The 
present 
location 
counter 
value 
is used 
in the 
following 
meanings. 


0) 
If 
the 
directive 
having 
"$" 
in 
its 
operand 
occupies 
a 
memory, 
the 
present 
location 
counter 
value 
means 
the 
top 
address 
of 
the 
memory 
occupied 
by 
the 
directive. 


(2) 
If 
the directive 
does 
not 
occupy 
a memory, 
the present 
location 
counter 
value 
means 
the 
directive 
subsequent 
to 
the 
last 
memory 
has 
been 


occupied 
by 
the 
directives 
just 
before 
it. 
However, 
if 
the 
preceding 
directive 
is 
the 
ORG 
directive, 
the 
value 
means 
the 
location 
counter 
value 
after 
having 
been 
updated 
by 
the ORG 
concerned. 


(3) 
The 
location 
counter 
reference 
results 
in reference 
to location 
counter 
value 
of 
each 
segment, 
because 
the 
segment 
at 
the 
appearance 
of 
the 


reference 
is COMMON, 
ASEG, 
CSEG 
or 
DSEG. 


3.4.6 
Symbol 
When 
a symbol 
appears 
in 
the 
operand, 
it 
is considered 
that 
the 
reference 
of 
the value 
(address, 
numerical 
value) 
has 
been 
described. 
However, 
when 
the 
symbol 
## is described, 
the 
symbol 
is considered 
to have 
made 
EXTERNAL 
declaration 
at 
the 
same 
time 
and 
is 
regarded 
as 
an 
external 
reference 
symbol. 


When 
a 
symbol 
is referred 
to in 
the 
operands 


directives 
and 
assembler 
control 
directive, 


defined before 
the reference concerned. 


of 
the 
following 
assembler 


the 
symbol 
must 
have 
been 


The directives, 
except 
DEFB and DEFW, mentioned 
above cannot 
refer 
to the 


external reference 
symbol. 
Further, 
since this assembler has several restrictions on the refernece of 


symbols 
in 
order 
to 
create 
a 
relocatable 
object, 
pay 
attention 
to 
the 


description 
of individual directive. 


3.4.7 
Expression 
An expression, 
in which 
constants, 
$ and 
the symbols 
have 
been 
connected 


by 
use of operators, 
can 
be described 
in the operand. 
However, 
reserved 
symbols cannot be described 
in the expression. 
In the expression 
both of 
the 
intermediate 
value 
and 
the final value 
are 


processed as the values represented by 16 bits. 
If the intermediate value 


or the final value has become the value represented over 16 bits, overflow 
portion 
is unconditionally 
ignored. 
No error flag is output. 
All 
the operators 
except 
+, 
*, 
I' 
must 
have 
been 
separated 
from 
the 


operand 
by 
menas 
of 
one 
blank 
or 
more. 
The 
usable 
operators 
in 
an 
expression 
are shown below. 
The 
priority 
order 
of operators 
is as 
shown 
by 
number. 
Further," 
( 
)" 
(parenthesis) 
can 
be 
used 
for 
changing 
the 


priority order. 


(I) 
NUL, TYPE 


(2) 
LOW,HIGH 


(3) 
*,/,MOD,SHR,SHL 


(4) 
Single item minus 


(5) 
+,- 


(6) 
EQ,NE,LT,LE,GT,GE 


(7) 
NOT 


(8) 
AND 


(9) 
OR,XOR 


The operations 
of operators 
are 
usually 
calculated 
in order 
from 
left to 


right. 
The 
operators 
having 
higher-priority 
order 
are 
processed 
ealier 


than those having 
lower-priority order. 
Further, 
for the portion enclosed 


in parenthesis, 
its value is obtained in the first place. 


The 
operation 
is executed 
as 
integer 
of 
two's complement 
without 
signe. 


Reserved 
words, 
instruction 
symbols, etc., 
such as register names, 
cannot 


be written 
in an 
expression. 


Some 
instruetions 
requier 
the 
vaIues 
of 
processable 
data are 
to be -256 
to +255, 
this renge is specified, an error occurs. 
The 
functions of operators are as shown in the following 
table. 


8 
bits. 
In 
this 
case, 
the 


and 
if any 
value 
in excess 
of 


Operator 


NUL 
Function 


NUL 
returns 
true 
if 
the 
operand 
is NULL. 


sequent 
to NULL 
are 
others 
than 
semicolon 
return, 
NUL 
returns 
false. 


(Example) 
IF 
NUL 
'A' 
----) 
False 


If 
operands 
sub- 
(;) or 
cariage 


TYPE 
Information 
of 
type 
of operand 
(mode, 
EXTERNAL 
or 
not) 
is 
returned 
by 
one 
byte. 
7 
6 
5 
4 
3 
2 
0 


HIGH 
LOW 
* 


Single 
item minus 
+ 


I * 
I * 
I * 
I 
I 
I 


I 


1 
I 
I 


1 


(---- 


mode 
mode 


I 
I 
I--1- 


(*: No 
participa- 
tion) 


0: 
Not 
EXTERNAL 
1: EXTERNAL 


1 
I 
I 
I~I 


1 
I 


0: Asbolute 
mode 


1: Code 
relocatable 
2: 
Data 
relocatable 
3: 
Common 
mode 
0: Undefined 
or 


EXTERNAL 
1: Defined 


Higher 
order 
8 bits 
of 
16-bit 
data 


lower 
order 
8 bits 
of 
16-bit 
data 


Multiplication 
Division 
Remainder 
given 
by 
dividing 
No.1 
operand 
by 
No.2 
operand. 


Shifting 
No.1 
operand 
right 
bit 
positions 
indicated 
in No.2 
operand. 
Shifting 
No.1 
operand 
left 
bit 
positions 
indicated 
in No.2 


operand. 
Indicating 
that 
continuous 
values 
are 
minus. 


Addition 
Subtraction 
Comparison 
as 
to whether 
one 
is equal 
to another 


Comparison 
as 
to whether 
one 
is not 
equal 
to another 
Smaller. 
It 
is 
true 
if No.1 
operand 
is 
smaller 
than 
No.2 
operand. 
Smaller 
or 
equal. 
It 
i& 
true 
if No.1 
operand 
is smaller 


than 
or 
equal 
to No.2 
operand. 
Larger. 
It 
is 
true 
if No.1 
operand 
is 
larger 
than 
No.2 
operand. 
Larger 
or 
equal. 
It 
is 
true 
if No.1 
operand 
is 
larger 
than 
or 
equal 
to No.2 
operand. 
Inverts 
the values 
of 
operand 
following 
NOT 
every 
bit. 


Logical 
multiply 
for 
every 
bit. 


Logical 
sum 
for 
every 
bit 
Exclusive 
logical 
sum 
for 
every 
bit 


(Example) 
Faa 
MACRO 
x 


LOCAL 
Z 


Z 
DEFL 
TYPE 
X 


IF 
Z 
••••••••• 


Type 
of 
X 
is 
tested. 
it 
is 
determiued 
according 
to 
type 
of 
X 
whether 
source 
statements 
after 
IF 
z 
is 
assembled 
or 
is 
not 
assembled. 


10 + 
20 
10H 
+ 
37H 


Ll/3 
(L2+4) 
SHR 
3 
('A' 
AND 
5FH) 
+ 
'0' 


(1) 
Relocatable 
expression 
For 
coding 
an 
expression 
in 
the 
relocatable 
form, 
which 
terms 
in 
the 
expression 
are 
relocatable 
and 
which 
terms 
are 
absolute 
must 
be 
known. 
For 
the 
relocatable 
terms 
the 
operators 
with 
limitation 
should 
be 
known. 


The 
terms 
having 
absolute 
nature 
are 
as 
follows: 


Numerical 
constant 
Character 
string 
Character 
constant 


Reserved 
word 


Symbols 
defined 
as 
equivalent 
to 
absolute 
terms 
by 
the 
EQU 
and 
DEFL 
instructions 
of 
assembler 
instructions. 


Symbols 
defined 
as 
labels 
in 
ASEG 
(Absolute 
segment) 


Location 
counter 
reference 
($) 
in 
ASEG 


The 
terms 
having 
relocatable 
nature 
are 
sa 
follows: 
Symbols 
defined 
as 
equivalent 
to 
relocatable 
terms 
by 
the 
EQU 
and 
DEFL 


directives 
of 
assembler 
directives. 
External 
reference 
symbols 
Symbol 
defined 
as 
label 
in 
CSEG 
(Cord 
relocatable 
segment), 
DSEG 
(Data 


relocatable 
segment) 
and 
the 
common 
blocks. 
Location 
counter 
reference 
($) 
in 
CSEG 
and 
DSEG. 


The 
following 
table 
shows 
the 
nature 
of 
operation 
attended 
with 
it. 
The 
"A" 
in 
the 
absolute, 
the 
"R" 
shows 
that 
the 
result 
is 
that 
such 
a 
combination 
is 
not 
allowable. 


terms, 
and 
the 
limitation 
of 


table 
shows 
that 
the 
result 
is 


relocatable, 
and 
the 
"I" 
shows 


TOSHIBA 
3. 
Source 
Statement 


Combination 
X 
A 
X 
A 
X 
R 
X 
R 
Y 
A 
Y 
R 
y 
A 
Y 
R 


X 
+ Y 
A 
R 
R 


X - Y 
A 
R 
A(*) 


X * Y 
A 
R 
R 


X / Y 
A 
I 


X MOD 
Y 
A 


X 
SHL 
Y 
A 


X SHR 
Y 
A 


X EQ Y 
A 
A(*) 


X NE Y 
A 
AU') 


X LT Y 
A 
I 
A(*) 


X LE Y 
A 
A(*) 


X GT 
Y 
A 
I 
A(*) 


X GE Y 
A 
A(*) 


X AND 
Y 
A 


X OR 
Y 
A 


X· XOR 
Y 
A 


HIGH 
X 
A 
R 


LOW 
X 
A 
R 


NOT 
X 
A 
R 


NUL 
(X) 
A 
A 


TYPE 
X 
A 
A 


+ 
X 
A 
R 


- X 
A 
R 


(Notes) 
1. 
The 
combination 
having 
'*' 
in 
the 
table 
cannot 
contain 
external 
reference 
symbol 
as 
operand 
(term) . 
2. 
The 
relocatable 
terms 
having 
different 
segment 
attributes 


are 
not 
allowed 
to be 
combined. 


3.5 
Comment field 
The 
comment 
field 
is 
the 
field 
describing 
comment 
corresponding 
to 


application 
program, 
starts 
wi.th 
";" 
(semicolon) 
and 
ends 
with 
<CR) 
(carriage 
return). 
The 
assembler 
I/O 
directive 
".COMMENT"is 
used 
for 


describing 
a 
long 
comment 
including 
<CR) 
(carriage 
return). 
The 


characters 
other 
than 
the 
first 
blank 
subsequent 
to 
".COMMENT" are 


regarded 
as 
delimiter 
symbols, 
and 
are 
processed 
as 
a 
comment 
until 
the 


next 
delimiter 
symbol 
appears. 
The comments 
are 
attached 
conventionally 
only 
for 
the 
purpose 
of 
making 
it 
easy 
to 
read 
a 
program 
and 
therefore, 


not 
always 
required. 
The comments 
are 
effective 
only 
on 
a 
program 
list 


and assembler 
ignores 
them. 


The formats of machine 
instructions which are available 
for this assembler 
are as follows. 


4.1 
Formats of machine 
instrcution 
statement 


The machine 
instruction statement 
takes any of the following formats: 


Name field 
Operation 
code I 
Operand Field 
Comment 
field 
1 
field 
{Symbol:{:}} 
Operation 
code 1- 
{; Comment} 
{Symbol:{:}} 
Operation 
code I Expression 
{ ; Comment} 


{Symbol:{: }} 
Operation 
code I 
Expression, 
Expression 
{; Comment} 


When 
the symbol 
:{:} is described, 
the 
location 
counter 
value 
of memory 


in which 
the first byte of this instruction 
is to be stored is defined as 


the symbol value. 
The 
symbol 
:{:} may 
be omitted 
if not 
required. 
An 
expression 
of operand mayor 
may 
not be 
reqruied 
depending 
upon 
type of 
instruction 
code. 
A 
symbol 
that is defined 
after 
this statement 
may 
be 
used in an expression. 
If a value of expression 
is beyond the range that 


can be expressed 
in 16 bits, 
the overflow 
is ignored 
and 
a value within 
the range that can be expressed 
in 16 bits becomes valid. 


If 
there are 
two expressions, 
the 
first 
expression 
is called 
the 
first 
operand 
and 
the next one as the second operand, 
and 
they are marked 
off 
by a comma 
(,). 


Addressing mode 
Most 
of 
the 
TLCS-ZSO 
instructions 
handle 
data 
stored 
in 
internal 
registers, external memory or in the I/O parts. 
Addressing 
refers to 


the 
address 
of 
this 
data 
is 
generated 
in 
each 
instruction. 
In 


instruction 
containing 
more 
than 
two 
operands, 
a 
combination 
of 
addressings may be used. 


4.2.1 
Immediate 
addressing mode 
This 
is 
the addressing 
mode 
that 
contains 
one 
byte 
operand 
data 
to 
be 
operated 
following the machine 
instruction code (OP code). 


OP Code 
Operand 
I 
<---- 
1 or 2 bytes 
I 
bO 


One example of this tyep of instruction would 
be to load the accumulator 
with a constant. 


(Example) 
LD 
A, aSH 


In 
this 
example, 
1 byte 
immediate 
data 
(aSH) 
following 
the 
OP 
code 
is 


loaded to the accumulator. 


4.2.2 
Extended 
immediate addressing mode 


This mode is an extension of the immediate addressing mode with 
two bytes 
of operand data to be operatd by the instruction 
following the OP code. 


OP Code 
Operand 
Operand 


I 
(---- 


I 
(---- 


I 
(---- 


bO 


1 or 2 bytes 
Low order 
High order 


(Example) 
LD 
HL,2000H 


2 bytes 
of immediate 
data 
(2000H) 
following 
the OP 
code would 
be 
loaded 
to the HL register pair. 


4.2.3 
Modified 
zero page addressing mode 
The TLCS-Z80 has a single byte CALL instruction 
page 
zero of memory. 
An 
effective 
address 
in 
program 
counter 
by 
this 
instruction 
referred 
instruction. 


to any of 
page 
zero 
to 
as 
the 


8 
locations 
in 
is 
set 
in 
the 


restart 
(RST) 


OP Code 
bS-b3 
I 
(---- 
1 byte 
bO 


Execution 
address 
(bS b4 b3 0 0 O)B 
---) PC 


(Example) 
RST 
08H 


Address 08H in page zero is called. 


4.2.4 
Relative addressing mode 
This is the addressing 
mode 
that uses one byte of operand 
data following 


the OP code 
to specify a displacement 
from the existing address 
to which 


an 
address 
jump 
can 
occur. 
a 
value 
of 
the 
top 
address 
of 
next 
instruction with 
this displacement added will become the address 
to which 
the 
jump 
is 
made. 
This 
displacement 
is 
treated 
as 
a 
signed 
two's 
complement number. 


OP Code 
Operand 


(---- 
1 byte 


(---- 
Displacement 
value 


(-128 to +127) 


The 
signed displacement 
ranges between 
-128 
and +127. 
The 
jump 
address 
is this value 
plus A+2 and addresses 
to which 
the jump 
can be made 
from 


the OP address code range from -126 to +129. 
This 
addressing 
mode 
is 
extremely 
effective 
as 
the 
relocatable 
code. 


However, 
the jump 
to different 
segments or other programs 
using external 
reference symbols is not possible. 


JR 
$+5 
<--- 
Instruction 
from 
address 
4S0H 
on 
the 
actual 


memory. 
The object code will be as follows: 


When 
the above 
instruction 


on the actual memory. 


-l-S- 
<--- 
1-0-3 -I 
<--- 
(Hexadecimal) 
is executed, 
a program 


OP code 
05 - 02 


4.2.5 
Extended addressing mode 


This 
extended 
addressing 
mode 
contains 
data 
to 
specify 
two 
bytes 
(I6 


bits) 
of address. 
This 
addressing 
mode 
is used 
for 
the jumps 
or 
call 


instruction 
to specify address or an instruction 
to laod or store data of 
an address. 
When 
the extended addressing mode uses the notation 
(mn) as 
an operand to specify address, it indicates the content of memory at mn. 
m 
indicates upper S bits and n lower S bits. 
For example, 
(1200) refers 


to the contents of memory at location 1200. 


OP Code 
Lower address or lower operand 
Higher address or higher operand 


1<--- 
1 byte or 2 bytes 
I 
I 


(Example l) 
JP 
A program jumps 
(Example 2) 
LD 
The <:<>ntentsof 


lOOOH 
to address 1000H. 
A, (IOOOH) 
address 
lOOOH on the memory are loaded into accumulator. 


4.2.6 
Indexed addressing mode 
In 
this 
type 
of 
addressing, 
the 
byte 
of 
data 
following 
the 
OP 
code 


contains 
a 
displacement 
which 
is 
added 
to 
the 
contents 
of 
one 
of 
two 


index registers 
(the OP 
code 
specifies 
which 
index 
register 
is used) 
to 


form a 
pointer 
to memory. 
The 
contents 
of 
the 
index 
register 
are 
not 


altered by this operation. 


OP Code 
OP Code 
Displacement value 


I 
2-byte code 
I 
<-= 


1 


1 
Value added to index register 


An example 
of an index instruction would 
be 
to load the contents 
of 
the 


memory 
location 
(contents 
of 
Index 
Register 
+ 
Displacement) 
into 
the 


accumulator. 
The 
value 
of 
displacement 
is expressed 
by 
a 
signed 
two's 


complement 
integer. 
The 
indexed 
addressing 
is useful 
when 
data 
tables 
are used. 
This addressing mode also fllows for relocatable code. 


(Example) 
LD 
(IX+40H), A 


If 
the 
contents 
of 
the 
index 
register 
are 
1000H, 
the 
contents 
of 
the 
accumulator 
are stored at address 
1040H. 


4.2.7 
Register addressing mode 
In 
this addressing 
mode, 
the OP 
code 
contains 
bits 
of 
information 
that 


specify which 
register is to be used for an operation. 


(Example) 
LD 
C,B 
The contents of register B are loaded into register C. 


4.2.8 
Implied addressing mode 


In 
this addressing 
mode, 
the OP 
code 
automatically 
implies 
one 
or more 
register specification. 


(Example) 
AND 
08H 


The result of AND operation of the contents of the accumulator 
and 08H is 


written 
into the accumulator. 


4.2.9 
Register 
indirect addressing mode 


This 
type of addressing 
specifies a l6-bit register pair to be uased as a 


pointer 
to any address 
in memory. 
The 
indexed addressing mode 
is one of 
this mode except that a displacement 
is added to indexed address. 


In the register 
indirect 
addressing 
mode, 
the name of 
the register 
pair 
to be used as the address pointer is expressed 
in parentheses 
"( )". 
For 
example, 
the HL register 
pair 
is expressed 
as 
(HL) and 
the 
contents 
of 
the HL register pair become 
the memory 
address. 
The 
block 
transfer 
and 


block 
search 
instructions 
are 
the 
extended 
type 
fo 
this 
mode 
which 
automatic 
increment, 
decrement 
and 
comparison 
function 
of 
register 
contents has been added. 


(Example) 
JP 


A program jumps 
register pair. 


(HL) 
to address 
in 


4.2.10 
Bit addressing mode 


The TLCS-Z80 
contains 
a number of bit set, reset and 
test instructions. 


The 
bit 
operation 
of 
any 
memory 
or 
register 
in 
specified 
location 
is 
performed 
by these 
instructions. 
This 
bit 
operation 
is executed 
in any 
one 
of 
the 
above-mentioned 
three 
(register, 
register 
indirect 
and 


indexed) addressing modes. 
3 bits contained in the OP code specify which 


of the eight bits is to be manipulated. 


(Example) 
SET 
3,(HL) 
Bit 3 in memory 
of address 
shown by 
the contents of the HL register 
pair 
is set at 1. 


4.3 
Functions 
of 
machine 
instructions 


There 
are 
162 
types 
instructions 
for 
the 
TLCS-ZBO, 
and 
these 
instructions 
are 
broken 
down 
into 
the 
following 
major 
groups: 
(1) 
Data 
transfer 
and 
exchange 
instructions 


(2) 
Block 
transfer 
and 
search 
instructions 


(3) 
Arithmetic 
and 
logical 
operation 
instructions 


(4) 
General 
purpose 
arithmetic 
and 
MPU 
control 
instructions 


(5) 
Rotate 
and 
shift 
instructions 
(6) 
Bit 
manipulation 
instrucitons 
(7) 
Jump, 
call 
and 
return 
instructions 


(B) 
Input/output 
instructions 


4.3.1 
Data 
transfer 
and 
exchange 
instructions 


The 
data 
transfer 
instruction 
is 
used 
to 
transfer 
data 
between 
the 
MPU 
registers, 
and 
between 
the 
MPU 
registers 
and 
external 
memory. 
The 
source 
of 
data 
and 
the 
destination 
of 
data 
must 
be 
specified 
in 
this 
instruction. 
The 
execution 
of 
the 
data 
transfer 
instruction 
does 
not 
change 
the 
data. 
The 
transfer 
instruction 
is 
available 
in 
two 
types; 
the 
one 
is 
to 
handle 
8-bit 
data 
and 
the 
other 
is 
to 
handle 
l6-bit 
data. 


Table 
4.1 
shows 
the 
object 
codes 
of 
8-bit 
data 
transfer 
instructions 
and 
addressing 
modes 
used 
for 
these 
instructions. 


Table 
4.2 
shows 
the 
object 
codes 
of 
l6-bit 
data 
transfer 
instructions 
and 
addressing 
modes 
used 
for 
these 
instructions. 
In 
these 
l6-bit 
data 
transfer 
instructions, 
the 
extended 
addressing 
mode 
is 
applicable 
to 
all 


register 
pairs. 


The 
PUSH 
and 
POP 
instructions 
are 
instructions 
using 
the 
stack 
pointer. 
pointer 
is 
automatically 
incremented 


pushed 
onto 
the 
stack 
(PUSH) 
or 
popped 


the 
register 
indirect 
addressing 


In 
these 
instructions, 
the 
stack 


and 
decremented 
as 
each 
byte 
is 


from 
the 
stack 
(POP) 
respectively. 


(Example) 
PUSH 
AF 


As 
a 
result, 
the 
external 
stack 
now 
appears 
as 
follows: 


1 
1 


1-------1 


(SP) 
1 
F 
<---- 
Stack 
head 
1-------1 


(SP+l) 
1 
A 
1 


1-------1 


I 
1 


1-------1 


I 
1 


Then, 
when 
the 
POP 
instruction 
is 
executed, 
data 
is 
popped 
out 
of 
this 
eternal 
stack 
in 
order 
of 
F, 
A, 


The 
data 
exchange 
instruction 
is 
used 
to 
exhange 
data 
between 
registers. 


Table 
4.3 
shows 
the 
object 
codes 
and 
addressing 
modes 
of 
the 
data 


exchange 
instructions. 
Out 
of 
these 
instructions 
the 
EX 
AF, 
AF' 
and 
EXX 
instructions 
are 
used 
to 
exchange 
data 
between 
the 
main 
and 
auxiliary 
registers. 
The 
contents 
of 
the 
auxiliary 
registers 
can 
be 
handled 
using 


these 
instructions. 


4.3.2 
Block 
transfer 
and 
search 
instructions 
The 
block 
transfer 
instruction 
is 
the 
instruction 
that 
is 
transfer 
any 
size 
memory 
block 
to 
other 
regions 
in 
the 
memory. 
shows 
the 
object 
codes 
and 
addressing 
modes 
of 
the 
block 


instructions. 
All 
of 
these 
instructions 
operate 
with 
three 
pairs. 


able 
to 
Table 
4.4 
transfer 
register 


The 
pointer 
to 
the 
source 
location 
The 
pointer 
to 
the 
destination 
location 
The 
byte 
counter 


Prior 
to 
use 
the 
block 
transfer 
instruction 
it 
is 
necessary 
to 
initialize 
these 
three 
register 
pairs 
by 
a 
program. 


The 
LDI 
(LoaD 
and 
Increment) 
and 
LDD 
(LoaD 
and 
Decrement) 
instructions 


move 
one 
byte 
from 
the 
memory 
location 
pointed 
by 
the 
HL 
register 
pair 
to 
the 
memory 
location 
pointed 
by 
the 
DE 
register 
pair. 
The 
byte 
counter 
(the 
contents 
of 
the 
BC 
register 
pair) 
is 
also 
decremented 
at 
this 
time. 


The 
contents 
of 
the 
HL 
register 
pair 
and 
DE 
register 
pair 
are 
automatically 
incremented 
(LDI 
instruction) 
or 
decremented 
(LDD 
instruction) 
and 
point 
to 
the 
following 
locations. 


The 
LDIR 
(LoaD, 
Increment 
and 
Repeat) 
and 
LDDR 
(LoaD, 
Decrement 
and 
Repeat) 
instructions 
are 
the 
extension 
types 
of 
the 
LDI 
and 
LDD 
instructions. 
The 
data 
are 
continuously 
transferred 
while 
the 
contents 
of 
the 
register 
pair 
HL 
and 
DE, 
which 
are 
the 
pointers, 
are 
automatically 
incremented 
(LDIR 
instruction) 
or 
decremented 
(LDDR 
instruction) 
until 
the 
byte 
counter 
(the 
contents 
of 
the 
BC 
register 
pair) 
reaches 
the 
count 
of 
zero. 
These 
instructions 
facilitate 
transfer 
of 
the 
contents 
of 
a 
block 
in 
memory 
at 
a 
time. 


The 
block 
search 
instruction 
is 
to 
search 
a 
specific 
8-bit 
character 
in 
a 
demanded 
size 
block 
in 
the 
memory. 
This 
instruction 
automatically 
ends 
when 
the 
object 
character 
is 
searched. 
Table 
4.5 
specifies 
the 
object 
codes 
and 
addressing 
modes 
for 
the 
block 
search 
instruction. 


The 
CPI 
(ComPare 
and 
Increment) 
and 
CPD 
(ComPare 
and 
Decrement) 
instructions 
compare 
the 
contents 
of 
the 
accumulator 
with 
the 
contents 
of 
the 
memory 
location 
pointed 
by 
the 
contents 
of 
the 
present 
HL 
register 
pair. 
The 
result 
of 
the 
compare 
is 
stored 
in 
specific 
bits 
in 
the 
flag 
register 
and 
after 
the 
comparison, 
the 
contents 
of 
the 
HL 
register 
pair 
are 
incremented 
(CPI 
instruction) 
or 
decremented 
(CPD 
instruction) 
and 
the 
byte 
counter 
(the 
contents 
of 
the 
BC 
reigister 
pair) 
is 
decremented. 


The 
CPIR 
(ComPare, 
Increment 
and 
Repeat) 
and 
CPDR 
(ComPare, 
Decrement 
and 
Repeat) 
instructions 
are 
of 
extension 
types 
of 
the 
CPI 
and 
CPD 
instructions 
in 
which 
the 
compare 
is 
repeated 
by 
automatically 
incrementing 
(CPIR 
instruction) 
or 
decrementing 
(CPDR 
instruction) 
the 
contents 
of 
the 
HL 
register 
pair 
until 
either 
a 
match 
is 
found 
or 
the 
byte 
counter 
(the 
contents 
of 
the 
BC 
register 
pair) 
becomes 
zero. 
Thus, 
this 
single 
instruction 
can 
search 
the 
entire 
memory 
for 
a 
specific 
8-bit 
character. 
As 
l6-bit 
regiser 
pairs 
are 
used 
in 
the 
block 
transfer 
and 
search 


instructions, 
block 
size 
up 
to 
64K 
bytes 
can 
be 
assigned. 
In 
addition, 


the 
pointer 
for 
the 
source 
location 
and 
that 
for 
the 
destination 
location 
also 
can 
be 
assigned 
in 
this 
memory 
space. 
Further, 
no 
interrupt 
is 
accepted 
during 
these 
instructions 
are 
being 
executed. 


4.3.3 
Arithmetic 
and logical operating 
instructions 
The arithmetic and logical operating 
instructions are used for arithmetic 


and 
logical 
operations 
among 
the 
register, 
memory, 
accumulator 
and 
memory, 
and between 
the accumulator-and 
register. 
Table 
4.6 
shows 
the 
object 
codes 
and 
addressing 
modes 
of 
the 
8-bit 


arithmetic 
and logical operating 
instructions. 
In 
all 
of 
these 
instructions, 
except 
the 
INC 
(INCrement) 
and 
DEC 
(DECrement) 
instructions, 
the operation 
is performed 
between 
the data 
in 


the 
accumulator 
and 
the 
specified 
source 
d'lta, and 
the 
result 
of 
the 
operation 
is 
placed 
in 
the 
accumulator 
with 
the 
exception 
of 
the 
CP 
(ComPare) instruction. 
The 
INC and DEC instructions 
are able 
to perform 
the increment 
(+1) and 


the 
decrement 
(-1) 
fo 
the 
contents 
of 
the 
memory 
and 
registers, 


respectively. 
In this case, the source and destination 
always agree each 
other. 


The 
results 
of 
these operations 
affect 
bits 
of 
the 
flag 
registers. 
In 
particular, 
in the case of arithmetic operation P/V 
flag becomes 
the flag 
(V Flag) 
showing the overflow but it becomes 
the parity 
flag (p Flag) 
in 
the case of the logical operation. 
Table 
4.7 
shows 
the 
object 
codes 
and 
addressing 
modes 
of 
the 
l6-bit 
arithmnetic 
and logical operating 
instructions. 
In this instruction, 
the 


HL 
register 
pair, 
IX register 
and 
IY register 
become 
the destinations. 
the 
ADC 
(ADd 
with 
Carry) 
and 
SBC 
(SUBstract 
with 
Carry) 
instructions 


affect all flags. 


4.3.4 
General 
purpose arithmetic and MPU control instructions 


The general purpose arithmetic 
instructions are for operating 
the decimal 


adjustment, 
accumulator 
or carry flag. 
Table 4.8 
shows the object codes 


and addressing modes of the general purpose arithmetic 
instructions. 
The 
decimal 
adjust 
instruction 
(DAA) 
is 
for 
performing 
the 
binary 
addition and 
subtraction by means 
of BDC 
(binary coded decimal), 
and for 


adjusting a value of the accumulator 
storing the reuslt to BCD code. 


ADD 
A,B 
DAA 
If 
the contents 
of 
the accumulator 
before 
the ADD 
instruction 
were 
D8H 


and 
the contents 
of 
the register 
B 
were 
l7H, 
the ADD 
instruction 
loads 


the 
value 
of 
lFH 
on 
the 
accumulator. 
when 
the 
DAA 
instruction 
is 
executed, 
the contents of the accumulator 
is adjusted 
to a decimal number 


25 from lFH. 


The 
NEG 
instruction 
converts 
the contents 
of 
the accumulator 
into 
two I S 
complement 
number. 
That 
is, 
this instruction 
converts 
a positive 
value 


into 
a negative 
value 
or vice 
versa. 
The CPL instruction 
converts 1 into 0 and vise versa 
for each bit of the 


accumul.ator. 
The CCF and SCF instructions are for operating 
the carry flag. 
The 
MPU 
control 
instruction 
is 
the 
instruction 
for 
controlling 
the 


TLCS-Z80MPU. 
Table 
4.9 
shows 
the object 
codes 
and 
addressing 
modes 
of 


the MPU control instruction. 
The NOP instruction performes nothing. 


The 
HALT 
instruction 
suspends 
the 
operation 
of 
MPU 
until 
next 
interrupt 
is accepted. 
Interrupts 
are 
enabled/disabled 
by 
the EI/DI 
instruction. 


The 
1M 
0, 
1M 
1 and 
1M 
2 instructions 
are 
for 
selecting 
anyone 
of 
three 


kinds 
of 
interruption 
modes 
(Mode 
0, 
Mode 
1 or 
Mode 
2). 
For 
details 
of 


the 
interuption 
modes, 
refer 
to item 
2.4 
Interrupt 
Handling. 


4.3.5 
Rotate 
and 
shift 
instructions 
The 
rotate 
and 
shift 
instructions 
are 
to 
rotate 
or 
shift 
data 
in 
the 


accumulator, 
any 
general 
pupose 
register 
or 
any 
memory 
location. 
The 


rotate 
or 
shift 
operations 
are 
as 
shown 
in 
Fig. 
4.10. 
Table 
4.10 
shows 


the 
object 
codes 
and 
addressing 
modes 
of 
these 
operations. 
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- 
1 
I~I<--- 
1 b7 


I 


1 


bO 
1<--- 


1 


1 
--->1 
b7 


I1_ 
bO I---->I~I 


I 


1 
---I 
CY 
1<---1 
b7 


1 
I 


<-- 
bO 
1<-- 


I 


1 
--->1 
b7 


1 


1 


--> 
bO 
1--->1 
CY 
1-- 


---I 
b7 
--> 
bO 
1--->1 
CY 
1 


1 
1 


o1---------1 


I 
1 


b7-b4 
b3-bO 
b7-b4 
b3-bO 
I 
I 


---I_I 
--~-II 


Contents 
of accumulator 


Left 
circulatory 
rotate 
(RLCA,RLC 


each 
instruction) 


Right 
circulatory 
rotate 
(RRCA,RRC 


each 
instruction) 


Left 
rotate 
(RLA,RL 
each 
instruc- 


tion) 


Right 
rotate 
(RRA,RR 
each 
instruc- 
tion) 


Arithmetic 
left 
shift 
(SLA 
each 


instruction) 


Arithmetic 
right 
shift 
(SRA 
each 
instruction) 


Logical 
right 
shift 
(SRL 
each 


instruction) 


I 


I I 


b7-b4 


I 
I 


I 
I 


b3-bO 
I 


I 
I 


b7-b4 
b3-bO 
I 
___ 
I 
I 


1 
1 


Contents 
of 
accumulator 


4.3.6 
Bit 
manipulation 
instructions 
The 
bit 
manipulation 
instructions 
set, 
reset 
or 
test 
individual 
bits 
for 


the 
accumulator, 
any 
general 
purpose 
register 
or 
any 
memory 
1acation. 
Table 
4.11 
shows 
the 
object 
codes 
and 
addressing 
modes 
of 
the 
bit 


manipulation 
instructions. 


The 
SET 
instruction 
sets 
bits 
1n 
the 
accumulator, 
register 
or 
mamory 
to 
I. 
The 
RES 
instruction 
sets 
bits 
In 
the 
bit 
test 
processing, 
the 
state 
of 
specified 
bit 
result 
is 
set 
in 
the 
Z 
flag. 
If 
a 
bit 
to 
be 
tested 
is 
the 
Z 
flag. 


general 
purpose 


to 0 
conversely. 
is 
tested 
and 
the 


zero, 
1 
is 
set 
in 


4.3.7 
Jump, 
call 
and 
return 
instructions 
In 
the 
jump 
instruction, 
a 
16-bit 
value 
is 
loaded 
to 
the 
program 
counter 


and 
as 
a 
result, 
it 
is 
branched 
to 
the 
specified 
program 
loction. 
This 
l6-bit 
value 
is 
specified 
by 
either 
one 
of 
3 
addressing 
modes 
(The 
extended 
immediate 
addressing, 
relative 
addressing 
or 
register 
indirect 


addressing 
modes). 


The 
extended 
immediate 
addressing 
is 
used 
to 
jump 
to 
the 
memory 


addressing 
specified 
by 
the 
immediate 
adat 
(2 
bytes), 
and 
the 
jump 
to 
any 


location 
in 
the 
64K 
byte 
memory. 
The 
instruction 
requires 
3 bytes. 
The 
relative 
addressing 
is 
used 
to 
jump 
to 
a 
location 
with 
a 
displacement 


(a 
signed 
two's 
complement 
integer) 
added 
to 
the 
existing 
program 


counter. 
Actually, 
when 
a 
location 
to which 
a 
program 
is 
to 
be 
jumped 
is 


specified 
in 
the 
operand 
field 
of 
the 
source 
statement 
of 
a 
source 


program 
using 
the 
location 
counter 
reference 
($) 
or 
a 
symbol, 
the 


displacement 
value 
is 
stored 
in 
the 
oeprand 
data 
field 
at 
time 
of 


assemble, 
and 
this 
instruction 
requires 
2 
bytes. 
However, 
it 
is 
not 
passible 
to 
specify 
the 
jump 
to 
other 
program 
using 
a 
different 
segment 
or 
external 
reference 
symbol. 
The 
register 
indirect 
addressing 
is 
used 
to 
jump 
to 
a 
location 
specified 
by 
the 
contents 
of 
the 
register 
pair 
HL, 
indexed 
register 
IX 
or 
IY. 


The 
group 
of 
the 
jump 
ins true tions 
inc lude 
condi tioned 
inst rue tions. 
When 
this 
type 
of 
instruction 
is 
used, 
if 
conditions 
are 
met, 
the 
jump 
to 


the 
specified 
address 
occurs. 
Otherwise, 
it 
proceeds 
to 
the 
following 


instruction. 
The 
contents 
of 
the 
flag 
register 
are 
used 
as 
the 


conditons. 
The 
DJNZ 
instruction 
decrements 
the 
B 
is 
executed 
and 
the 
relative 
jump 
decrement 
of 
the 
B 
register 
becomes 


decremented 
to 
zero, 
it 
proceeds 
to 
the 


register 
whenever 
the 
instruction 


occurs 
until 
the 
result 
of 
the 


zero. 
When 
the 
B 
register 
is 


following 
instruction. 


LD 
B 
,7 
(Execution 
of 
sequential 
instructions) 


Set 
7 
in 
the 
B 
register. 


Repeat 
7 
times. 
----> 
I 
I 
I 
N+9 
N+ 10, N+ 11 
If 
the 
B 
register 
is 
not 
zero, 


jump 
to 
N+2. 
Proceed 
to next 
instruction, 


when 
the 
B 
register 
is 
zero. 


The 
call 
instruction 
is 
a 
special 
form 
of 
the 
jump 
instruction 
where 
the 


address 
of 
the 
instruction 
next 
to 
the 
call 
instruction 
is 
pushed 
into 


the 
stack 
before 
the 
jump 
is 
made. 
The 
return 
instruction 
is 
the 
reverse 
of 
the 
call 
instruction 
because 
the 
address 
data 
which 
has 
been 
pushed 
into 
the 
stack 
at 
time 
of 
the 
call 
instruction 
is 
popped 
directly 
into 


the 
program 
counter 
to 
make 
the 
jump 
to 
that 
address. 
The 
call 
and 
return 
instructions 
allow 
simple 
subroutine 
and 
interrupt 
handling. 
There 
are 
the 
unconditional 
and 
conditional 
call 
instructions. 


The 
restart 
(RST) 
instruction 
is 
a 
single 
byte 
subroutine 
call 
instruction 
and 
is 
able 
to 
specify 
any 
of 
8 
restart 
addresses. 


In 
addition 
to 
the 
unconditional 
and 
conditional 
return 
instructions, 
2 


kinds 
of 
interrupt 
handling 
instructions 
are 
available 
for 
the 
return 
instruction; 
they 
are 
the 
return 
instruction 
from 
the 
maskable 
interrupt 


(RETI) 
and 
the 
return 
instruction 
from 
the 
non 
maskable 
interrupt 
(RETN). 
Tables 
4.12 
and 
4.13 
show 
the 
object 
codes 
and 
addressing 
modes 
of 
the 


jump, 
call, 
return 
and 
restart 
instructions. 


4.3.8 
Input/output 
instructions 


The 
input/output 
instructions 
are 
devices 
and 
registers, 
and 
between 


and 
4.15 
show 
the 
object 
codes 
and 


used 
for 
input/output 
I/O 
devices 
and 
memory. 


addressing 
modes 
of 
the 


between 
I/O 


Tables 
4.14 


input/output 
instructions. 
The 
addressing 
of 
the 
input 
or 
output 
instruction 
can 
be 
either 
absolute 
or 
register 
indirect 
addressing 
using 
the 
C 
register. 


In 
such 
an 
absolute 
addressing 
mode 
as 
IN 
A, 
(n), 
OUT 
(n), 
A 
(n 
is 
a 
8-bit 
value), 
n 
appears 
in 
the 
low 
order 
8 
bits 
of 
the 
address 
bus. 


Further, 
the 
content 
of 
the 
accumulator 
is 
output 
to 
the 
high 
order 
8 


bits 
of 
the 
address 
bus. 


In 
the 
register 
indirect 
addressing 
mode, 
the 
direct 
transfer 
between 
the 
I/O 
device 
and 
the 
internal 
registers 
becomes 
possible. 
In 
addition, 
the 


transfer 
between 
the 
I/O 
device 
and 
the 
memory 
is 
also 
possible 
by 
the 
8 


block 
transfer 
instructions. 
This 
block 
transfer 
instruction 
is 
similar 


to 
the 
memory 
block 
transfer 
instruction 
but 
differs 
from 
it 
in 
that 
the 


HL 
register 
pair 
is 
used 
as 
the 
pointer 
of 
the 
source 
memory 
(in 
case 
of 


the 
output 
instruction) 
or 
the 
destination 
memory 
(in 
case 
of 
the 
input 
instruction). 
Similarly, 
the 
B 
register 
is 
used 
as 
the 
byte 
counter. 


The 
C 
register 
holds 
the 
port 
addresses 
of 
the 
device. 
Since 
the 
B 
register 
is 
in 
eight 
bits 
in 
length, 
the 
I/O 
block 
transfer 
instruction 


handles 
up 
to 
256 
bytes. 


In 
all 
register 
indirect 
addressing 
mode, 
including 
I/O 
block 
transfer 


instructions, 
the 
cnotent 
of 
C register 
is 
output 
to 
the 
low 
order 
8 bits 
of 
the 
address 
bus 
and 
the 
content 
of 
B register 
is 
output 
to 
the 
high 
order 
8 bits. 
As stated 
above, 
since 
or 
the 
content 
of 
the 


bus, 
16-bit 
I/O 
port 


handled. 


the 
content 
of 
the 
accumulator 
and 
n 
BC register 
pair 
are 
transferred 
to 


addresses 
(64K 
byte 
I/O 
ports) 
can 


(8-bit 
data) 


the 
address 


ac tually 
be 


SOURCE 
1 
I 
IEx-IIm-1 


IIm- I 
Register 
Register 
Index 
Iten-Ime-I 


Ip1iedl 
indirect 
Isionldi-I 


I 
I 
I 
I 
I 
IateI 
IITR"I-A-I-B-lc-I-o-I-E-I-H-!L-I-(H-L-)-I 
(-BC-)-I-(O-E-) 
I-(I-X-+-d-) 
I-(-IY-+-d-) 
I(mn)In I 
o I-I-A---I E-O 
1EOIiFliSl7~I7A 
liBliCliDll'E lOA 1-rA1---01)I~ 
13'AInl 
Ell 
1571sF 
I 
I 
I 
I 
I 
I 
1 I 
I 
I 
I 
7E I 
7E I n In I 
SI 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
did 
I m I 
I 
T 1 I-B--I-I-147140141142 
1431441451461--I--ID"ilIFDI 
--1061 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 46 I 46 I 
In I 


N I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
did 
I 
I 
I 
A I 
l-c--I-I-14FI4814914AI4BI4CI4014E1--I--Ifii)I--ri)I--IOEI 


T IRI 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 4E I 4E I 
In I 


I IE I 
I 
I 
I 
1 I 
I 
1 I 
I 
I 
I 
I 
I 
did 
I 
I 
I 
o IGl-o--I-I-I57IS0151152153IS4Issl5"6I--I--Ifii)IFDI--I161 


N II I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
56 1 56 I 
In I 


ISI 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I did 
I 
I 
I 
IT I-E--I-I-ISFIS8159lsAISBlsc 
IsoISEI--I--jfii)I--ri)I--llEl 


lEI 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
sE I 
sE I 
In I 


IRI 
1 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
lid 
I 
d 
I 
I 
I 
I 
I-H--I-I-I67160 161162 
16316416sl66I--I--Ifii)IFDI--I661 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 I 
I 
I 
I 
I 
66 I 
66 I 
In I 


I 
I 
1 I 
I 
I 
1 I 
I 
I 
I 
I 
I 
I 
I 
did 
I 
I 
1 
I 
I-L--I-I-16FI6816916A 
16BI6C 
16016E1--I--Ifii)IFDI--I2'E1 


1 I 
I 
I 
I 
I 
I 
1 I 
1 I 
I 
I 
I 
I 6E I 6E 1 
In I 
1 I 
I 
I 
I 
I 
I 
I 
I 
I 
1 I 
1 
I 
I 
did 
I 
I 
I 
1-1('iiL)1-1-lnI70 171"1"7'21731741751--1--1--1--1--1--1361 


1* :(BC):-:-:021-1-1-1-:-:-I-I-:-l--:--:-I~: 
I 
1 
1 1 1 I 
1 I 
1 1 I 
I 
1 
I 
I 
I 
1 
1 
1 
1 1(i)E)1-1-1l21-1-1-1-1-1-1-1-1-1--I--'-I-1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 I 
I 
I 
I 
I 
I 
I 
1 
1 
I-I (IX+d)I-I-IDDI 001ODIDDIDDI 
DDIDol--I--I--I--I--I--liiDl 


II I 
I 
I 
1771701711721731741751 
I 
1 
1 
I 
I 
136I 


IN I 
1 I 
Id Id Id Id Id Id Id 1 
I 
I 
1 
I 
I 
Id 1 
IDI 
I 
I 
I 
1 1 I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
In 1 
IEI(IY+d)1-1-lrnlrnlrnlrnlrnIFDIFDI--I--I--I--I--I--lrnl 
Ix 1 
1 1 1771701711721731741751 
I 
I 
1 
I 
1 
1361 


I 
I 
I 
I 
Id Id Id Id Id Id Id I 
I 
I 
1 
1 
I 
Id I 


I 
I 
I 
1 I 
I 
I 
1 I 
1 1 1 
I 
1 
I 
I 
I 
1n I 
1-1c;;;;l)1-1-1321-1-1-1-1-1-1-1-'-1--1--1-1-' 
1**I 
I 
1 In 1 I 
1 I 
I 
I 
1 
I 
1 
I 
I 
1 
1 
1 
I 
I 
I 
I 
1mI 
1 I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I-I-I--I-I-IEDI-I-I-I-I-I-I-I-I-I--I--I-I-I 
I 
I 
I 
I 
1471I 
I 
I 
I 
1 1 
1 
I 
1 
I 
I 
1 
I 
1* 1__ 
1_1_1_1_1_1_1_1_1_1_1_1_1 
__ 
1__ 
1_1_1 


1**1R 
1 I 
IEO1 I 
1 I 
1 I 
I 
I 
1 
I 
I 
I 
I 
1 


I 
1 
I 
I 
14FI 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
* 


SOURCE 
Register 
IExtensionIExten-IRegis-1 


I 
IimmediateI sion I ter 
I 
I-AF-I 
B-c-I 
D-E-I 
H-L-I-sp-I-I-X-' 
I-YI mn 
Ic;;;;;) I(S"P) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
o 
---IA-F---I-I-I-I-I-I-I-I---I--I-F-1- 
Ell 
1 I 
1 1 I 
1 1 
1 
I 


S 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
T 
I 
I 
1 1 1 I 
1 1 I 
I 
I 
I 
I-B-C---I-I-I-I-I-I-I-I-O-1---I~I-C-1- 
N 
I 
I 
1 I 
1 1 I 
I 
I n 
I 48 
I 
A 
I 
I 
I 
I 
I 
I 
1 I 
I m 
I n 
I 
T 
I 
I 
1 I 
1 I 
1 I 
1 
I m 
1 
I 
I-DE---I-I-I-I-I-I-I-I-II---I~I-D-1- 
o 
I 
I 
I 
I 
1 I 
1 I 
I n 
I 5B 
I 
N 
I 
I 
I 
I 
I 
I 
1 I 
I m 
I n 
I 


R 
I 
I 
I 
I 
I 
I 
1 I 
I 
I m 
I 
E 
I-HL---I-I-I-I-I-I-I-I-2-1---I~I-E-1- 


G 
I 
I 
1 I 
1 1 I 
I 
'n 
I n 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I m 
I m 
I 
S 
1 
1_1_1_1_1_1_1_' 
1__ 
1__ 


T 
ISP 
I 
1 I 
IF91 IDO1FDI 31 
1 ED 
I 
E 
I 
I 
1 I 
I 
I 
IF91F91n 
I 7B 
I 
R 
I 
I 
I 
I 
1 I 
I 
I 
I m 
I n 
I 
1 
I_I_I_I_I_I_I_I 
I_m 
__ 
I__ 


IIX 
I 
I 
I 
I 
I 
I 
I 
I DO 
I DO I DO 


I 
I 
1 I 
I 
I 
1 I 
I 21 
I 2A 
I E1 


I 
I 
I 
I 
I 
I 
I 
I 
I n 
I n 
I 
1 
1 1 I 
I 
I 
I 
I 
I m 
I m 
I 
IIY 
1-1-1-1-1-1-1-1 
FO 
I~I~ 
I 
1 1 I 
1 I 
1 I 
I 21 
I 2A 
I EI 


I 
1 I 
1 1 I 
I 
I 
I n 
I n 
1 
___ 
1 
1 I 
I 
I 
I 
I 
I 
I m 
I m 
I 
I 
I(mn) 
1-IEOIEOI22IEOlooIFOI 
1--1-- 
IExten- I 
1 
1431531n1731221221 
I 
I 
Ision 
1 
Ilnlnlmlnlnlnl 
1 
I 
1 
111m 
1mI 
1m1m1mI 
I 
I 
PUSH IRegis- I-(-sp-)--I F51c51051E51-100IFO1----1--1-- 
Instruc-Iter 
1 
1 11.11 
IE51E51 
1 
I 


tion 
Iin- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Idirect 1 
I 
1 1 1 I 
I 
1 I 
1 
I 


(Note) After endingthe executionof PUSHandPOPinstructions, 
SPis arranged. 


I 
IMPLIED 
I 
I 
AF' 
BC' 
,DE '&HL 1 
HL 
IX 
IY 
1 
AF 
I----08 
1 
1 
1 
1 
1 
1 
1 
1 
I 
--1-- 
1--1--1--1 


BC, 1 
1 
1 
1 
I 
I 
I 
1 
1 
I 
I 


M 
DE 
I 
D9 
1 
1 
I 
I 
P 
I 
1 
I 
I 
I 
L 
& 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
E 
HL 
I 
I 
I 
I 
I 
D 
I 
I 
1 
I 
I 
--I-- 
I--1--1-- 
I 


DE 
1 
I 
EB 
I 
I 
I 
I 
I 
I 
I 
I 
--I-- 
I--1--1-- 
I 


Register 
(SP) 1 
1 
E3 
I 
DD 
1 
FD 
I 
indirect 
1 
1 
I 
E3 
I 
E3 
I 


1 
1 
I 
1 
1 


Register 
indirect 


(HL) 


D 
1 
ED 
---ouiI' 
-Load(DE) 
<---(HL) 
E 
1 
S 
1 
AO 
Inc 
HL & 
DE 
,Dee 
BC 
T 
Reg- 
1 
ED 
'LDIR' 
-Load (DE) 
<---(HL) 
I 
is- 
I 
N 
ter 
I(DE) 1 
BO 
Ine 
HL & 
DE 
,Dee 
BC 
,Repeat 
until 
BC=O 
A 
In- 
I 
I 
ED 
'LDD' 
-Load(DE) 
<---(HL) 
T 
di 
I 
I 
I 
rect 
I 
I 
A8 
Dee 
HL & 
DE , Dee 
BC 
a 
I 
I 
ED 
'LDDR' 
-Load (ED) 
<---(HL) 
N 
I 
1 


1 
1 
B8 
Dee 
HL & 
DE 
,Dee 
BC 
,Repeat 
until 
BC=O 


Search 
location 


Register 
indirect 
(HL) 


Register 
pair 
HL: 
Register 
pair 
DE: 
Register 
pair 
BC: 


Source 
memory 
pointer 
Destination 
memory 
pointer 
Byte 
counter 


Al 
Inc 
HL 
,Dec BC 
ED 
'CPIR' 
Inc 
HL,Dec 
BC 


Bl 
Repeat 
Until 
BC=O 
or 
find 
match 


ED 
'CPD' Dec 
HL 
& 
BC 


A9 
ED 
'CPDR' 
Dec 
HL 
& 
BC 


SOURCE 
Register 
1(*) 
Index 
1(**)1 


1A I B 1C I DIE 
I H 
I L 
I(HL)I(IX+d)I(IY+d)1n 
1 
-, A-O-O-' 
---187 180 1B"l 182 183 184185 186I---oi) IF'D 
1C'6I 
1 
1 
1 
1 
1 
1 
I 
I 
I 
86 I 
86 1n 
I 
_____ 
111 
I 
III 
I 
Id 
Id 
1 
I 
ADDWCARRY 
I~I-SS-I-ag-I-SX-I~I-SC-l-ao-I~I--on--I~I~I 


IAOC' 
I 
1 
I 
I 
1 
I 
1 
I 
I 
8E 1 8E 1n 
I 


1 
1 
I 
I 
I 
I 
I 
I 
I 
did 
I 
I 
-SU-B-T-RA-C-T--I97I90I91I92I93I94I95I96I--on--I~ID61 
'SUB' 
1 
I 
1 
1 
I 
I 
1 
1 
1 96 I 
96 I n 
I 


1 
1 
I 
I 
I 
1 
1 
I 
I 
did 
I 
I 
-SU-B-W-C-A-RR-Y-I9F 
198 199 19A 198 19C190 19EIDDI~IDE 
I 


I SBC' 
1 
1 
I 
1 
I 
1 
I 
I 
1 9E I 
9E 1n 
1 


_____ 
I_I_I_I_I_I_I_I_I_d_l_d_I_1 


'AND' 
1A7I AOI Al I A2I A31A4I ASI A61 DO I 
FO I E6I 
1 
I 
1 
1 
I 
I 
I 
I 
I 
A6 I 
A6 1n 
1 
I 
1 
1 
1 
1 
1 
I 
I 
I 
did 
I 
I 
-, X-O-R-' 
---I"AFlAB 
1t:.91t:A"lAB lAC IADIAE I---;\El--ril 
lEE I 


I 
1 
I 
1 
I 
1 
I 
1 
I 
AE 1 AE 1n 
I 
____ 
11111111 
Id 
Id 
I 
I 
'OR' 
1B7IBOIBlIB2IB3IB4IBSIB6IDDI--rilIFbI 
1 
I 
1 
1 
1 
I 
I 
I 
1 B6 1 B6 1n 
I 


I 
I 
I 
1 
I 
1 
1 
I 
I 
did 
1 
I 
-CO-M-PA-R-E--IBFIBBIB"9IB'AIB'BIBCIBDIBEIDDI--rilIF'E1 
'CP' 
I 
1 
I 
I 
1 
I 
1 
I 
1 BE I 
BE 1n 
1 


1 
1 
1 
1 
1 
I 
1 
lid 
I 
d 
1 
I 
-IN-C-R-EM-E-N-T-I3CI04IOCI14IICI~I2CI34IDDI--rilI--1 


I INC' 
I 
I 
1 
I 
I 
I 
I 
I 
I 
34 1 34 I 
I 
_____ 
I_I_I_I_I_I_I_I_I_d_l_d_I_1 
DECREMENT 
13D105 100 1 151 10 125 120 135 I 
DO 1 FO 1 
1 


,OEC 
' 
I 
1 
1 
I 
1 
I 
1 
1 
I 
35 1 35 I 
I 


I 
1 
1 
1 
1 
1 
I 
1 
I 
did 
I 
I 


Source 


I 
BC 
DE 
HL I SP 
IX 
IY 
1 
I 
I 
I 
I 
I 


----------H-L--09-119 
1"""29139 
1--1--1 


I 
I 
I 
1 
I 
1 


I 
I 
I 
I 
I 
I 
-I-X--D-D-IDDI--IDDIDDI--I 


I 
1 
I 
I 
1 
09 I 
19 I 
1 39 I 29 I 
I 


-IY--F-D-IFDI--IFD!--IFOI 
I 
1 
I 
I 
I 
I 


09 I 
19 I 
1 39 I 
1 29 I 


-A-DD-W-I-T-H-C-A-R-R-Y-AN-D---HL--E-D 
lED 
lED 
lED 
1--1--1 
1 
I 
I 
I 
I 
I 


4A 1 5A 1 6A 1 7All 
I 
HL EDIEDIEDIEDI--I--I 


I 
I 
I 
1 
I 
I 


42 I 52 I 62 I 72 I 
I 
I 
03 I 
13 1 23 I 33 I 
DD I FD I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
23 1 23 I 
OB I 
1B I 2B I 3B I 
DD I FD I 


1 
I 
I 
1 
I 
I 


1 
I 
I 
I 
23 I 
23 I 


SET FLAGS 'ADC' 
SUBWITH CARRYAND 


SET FLAGS 'SBC' 


INCREMENT'INC' 


(2' s complement) 
Complement Carry 
flag, 
'CCF' 


'Nap' 
'HALT' 
DISABLEINT '(DI)' 
ENABLEINT '(EI)' 
SET INT MODE0 
'1M 0' 


SET INT MODE1 


'1M I' 


SET INT MODE2 
'1M 2' 


I 
00 
1 


1761 
1F31 
IFBI 
IEDI 
---> 


I 46 I 
IEDI 
---> 
I 56 
I 


IEDI 
---> 


I 
5E 
I 


Insert 
the interrupt 
instruction 
from 


peripheral 
device. 


Restart 
from address 0038H. 


Use 8-bit 
data 
from the register 
I and 
interrupt 
device 
as table 
pointer. 


Source and Destination 


IA IB Ic 
ID IE IH IL I(HL)I(IX+d)I(IY+d)1 


~lcBlcBICBICBICBICBICBIGBI~I"FD1 
107100101102103104105106 1 
CB 
I 
CB 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
did 
I 


___ 
I 
I 
I 
1 
I 
I 
1 
1 
I 
06 
I 
06 
I 


'RRC' 
ICBICBICBICBICBICBICB1GB I~ 
I"FD 
I 


IOFI0810910AIOBIociODI OE I 
CB 
I 
CB 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
did 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
OE 
I 
OE 
I 


-, R-L-'-I 
CBICBICBICBICBICBICB1GB I~ 
I"FDI 
117110111112113114115116 I 
CB 
I 
CB 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
did 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
16 
I 
16 
I 
-, 
R-R-' -I 
CB ICB ICB ICB 
J CB ICB ICB 1GBI~ 
1"FD 
J 
11F11811911AlIB 11ClID I IE 1 
CB 
I 
CB 
I 


I 
I 
I 
I 
1 
I 
I 
I 
I 
did 
I 


___ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IE 
I 
IE 
I 
, SLA' 
ICBICBICBICBICBICBICB1GB I~ 
I"FDI 
127120121122123124125126 1 
CB 
I 
CB 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
did 
I 


___ 
I 
1 
I 
I 
1 
I 
I 
I 
I 
26 
1 
26 
1 
'SRA' 
ICBlcBICBlcBlcBICBICBIGBI~I"FD1 
12FI2812912AI2BI2CI2DI 2E 1 
CB 
I 
CB 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
did 
I 


___ 
I 
I 
I 
I 
1 
I 
1 
I 
I 
2E 
I 
2E 
I 
, SRL' 
ICBICBI CB1CB1GB ICBICB1GB I~ 
I"FD 
I 
13FI3813913AI3BI3CI3DI 
3E I 
CB 
I 
CB 
I 


I 
1 
I 
I 
I 
I 
I 
lid 
I 
d 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
3E 
I 
3E 
I 
-, R-L-D'-l-I-I-l-I-l-j-IED 
1---1--1 
I 
I 
I 
I 
I 
I 
I 
I 6E I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
-'R-R-D'-I-I-I-I-I-I-I-IEDI--I--I 
\ 
I 
I 
I 
I 
I 
I 
I 67 I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Format 
of 
Rotate 
or 
Shift 


IT 
RLCA 107 
I 
I 
I 
RRCAIOF 
I 
I 
I 


RLAI17 
I 
I 
I 
RRAllF 


I 
I 
--'- 


1 
Register 
IRegisterl 
Index 


1 
1 indirect 1 
1 


BIT 
1 
A 
I B 
I C 
I D 
I E 
I 
H 
ILl 
(HL) 
I (IX+d) 1 (IY+d) I 


I 
I CB IC'BIC'BIC'BIC'BCBICBI 
CB 
IDO 
FDI 


1 
0 
I 47 
1 40 
I 41 
1 42 
1 43 
44 
1 45 
1 
46 
1 
CB 
CB 
1 


1 
1 
I 
1 
1 
1 
I 
lid 
d 
I 
1 
I 
I 
I 
1 
1 
1 
I 
1 
46 
46 
I 


1----1---- ----1----1---- 
--------1------ ------1 


1 
I 
CB 
CB 1 CB I 
CB 
CB 
CB 
CB 
CB 
I 
DD 
FD 
I 


I 
1 
I 
4F 
48 
1 
49 
1 4A 
4B 
4C 
4D 
4E 
1 
CB 
CB 


I 
I 
1 
lid 
d 


1 
1 
I 
1 
4E 
4E 


----1---- ----1----1---- 
--------1------ 
I CB 
CB 
1 CB 
1 CB 
CB 
CB 
CB 
CB 
1 
DD 
FD 


2 
1 
57 
50 
1 
51 
1 
52 
53 
54 
55 
56 
I 
CB 
CB 


1 
1 
lid 
d 


1 
1 
1 
I 
56 
56 


----1---- 
--------1------ 
CB 
CB 
CB 
1 
CB 
CB 
CB 
CB 
CB 
1 
DD 
FD 


TEST 
3 
SF 
58 
59 
1 
SA 
5B 
5C 
5D 
5E 
1 
CB 
CB 


•BIT' 
lid 
d 


1 
I 
5E 
I 
5E 


----1---- 
--------1------1------ 
CB 
CB 
CB 
I 
CB 
CB 
CB 
CB 
CB 
I 
DD 
1 
FD 


4 
67 
60 
61 
1 
62 
63 
64 
65 
66 
1 
CB 
I 
CB 


1 
I 
did 


1 
1 
66 
66 


----1---- 
--------1------ 
CB 
CB 
CB 
1 
CB 
CB 
CB 
CB 
CB 
1 
DD 
FD 


5 
6F 
68 
69 
1 
6A 
6B 
6C 
6D 
6E 
1 
CB 
CB 


1 
I 
d 
d 


1 
1 
6E 
6E 


----1---- 
----1----1---- 
--------1------ 
CB 
CB 
CB 
1 
CB 
CB 
1 
CB 
1 
CB 
CB 
1 
DD 
FD 


6 
77 
70 
71 
1 
72 
73 
I 
74 
1 
75 
76 
I 
CB 
CB 


1 
1 
1 
I 
d 
d 


1 
1 
I 
I 
76 
76 


----1---- 
---- 
----1----1---- 
--------1------ 
------1 


CB 
CB 
1 
CB 
CB 
CB 
1 
CB 
1 
CB 
CB 
1 
DD 
FD 
1 


7 
7F 
78 
1 79 
7A 
7B 
1 7C 
I 7D 
7E 
1 
CB 
CB 
1 


1 
I 
1 
I 
d 
d 
1 


1 
1 
1 
1 
7E 
7E 
1 


I 
Register 
IRegisterl 
Index 


1 
1 indirect 1 
1 


BIT 
1 A 
I B 
I C 
I D 
lEI 
H 
1 L 
1 
(HL) 
1(IX+d) 1(IY+d) 1 
I 
I CB 
ICBICBICBICBICBICBI 
CB 
Ion 
IFil 
1 
1 
0 
1 87 I 80 1 81 I 82 
1 83 1 84 
1 85 
1 
86 
1 
CB 
1 
CB 
1 
1 
1 
1 
1 
1 
1 
1 
lid 
1 
d 
1 


1 
1 
1 
1 
1 
I 
1 
1 
1 
86 
I 
86 
I 
1---- 
---- 
---- 
----1----1----1----1----1-------- 
------1------1 
1 
CB 
CB 
CB 1 CB I CB 1 CB 1 CB I 
CB 
DD 
1 
FD 
1 


1 
8F 
88 
89 
1 8A 
I 8B 
1 8C 
I 8D 
1 
8E 
CB 
I 
CB 
1 
1 
1 
1 
1 
lid 
I 
d 
1 


1 
1 
1 
1 
1 
1 
8E 
1 
8E 
I 


1---- 
---- 
----1----1----1---- 
----1-------- 
------1------1 


1 
CB 
CB 
CB 
CB 
1 
CB 
1 
CB 
CB 
1 
CB 
DD 
1 
FD 
1 


1 
2 
97 
90 
91 
92 
I 93 1 94 
95 1 
96 
CB 
1 
CB 
1 


1 
1 
lid 
I 
d 


1 
1 
1 
96 
1 
96 
1---- ---- 
---- ---- ----1----1---- 
-------- 
------1------ 


1 
CB 
CB 
CB 
CB 
1 
CB 
CB 
CB 
CB 
1 
DD 
1 
FD 


RESETI 
3 
9F 
98 
1 99 
9A 
9B 
9C 
9D 
9E 
I 
CB 
I 
CB 


BIT 
1 
lid 
1 
d 


'RES'1 
1 
I 
9E 
I 
9E 
1---- 
----1----1---- 
---- 
---- 
---- 
---- 
--------1------1------ 


1 
1 CB 
1 CB 
I CB 
CB 
CB 
CB 
CB 
CB 
I 
DD 
1 
FD 


I 
4 
1 
A7 
1 
AO 
I 
Al 
A2 
A3 
A4 
AS 
A6 
1 
CB 
I 
CB 


1 
1 
lid 
I 
d 
1 
1 
1 
1 
A6 
1 
A6 


1----1---- 
----1---- 
---- ---- ---- ---- --------1------1------ 
1 
1 CB 
CB 1 CB 
CB 
CB 
CB 
CB 
CB 
1 
DD 
1 
FD 


1 
5 1 AF 
1 A8 
1 A9 
AA 
AB 
AC 
AD 
AE 
1 
CB 
1 
CB 


1 
I 
I 
lid 
1 
d 
1 
1 
1 
1 
1 
AE 
1 
AE 
1----1----1----1---- 
---- 
---- 
---- 
----1--------1------1------ 


1 
I CB 
I 
CB 
1 
CB 
CB 
CB 
CB 
CB 
I 
CB 
I 
DD 
1 
FD 


1 
6 
1 B7 
1 BO 
1 Bl 
B2 
B3 
B4 
B5 
I 
B6 
1 
CB 
1 
CB 


1 
1 
I 
1 
I 
I 
did 
1 
I 
1 
1 
1 
I 
1 
B6 
1 
B6 


1----1----1----1---- 
----1---- 
---- 
----1--------1------1------ 


1 
1 CB 1 CB 1 CB 
CB I CB 
CB 
CB 
1 
CB 
1 
DD 
I 
FD 


1 
7 1 BF 
1 B8 
I B9 
BA 
1 BB 
BC 
BD I 
BE 
I 
CB 
1 
CB 
I 
I 
1 
1 
1 
lid 
1 
d 
1 
I 
1 
1 
1 
I 
1 
BE 
1 
BE 


IRegisterl 
Index 


1 indirect 1 
1 
BIT 
-A--I-B--I-c--I-D--I-E--I-H--I 
-L-I 
(HL) 
1(IX+d) 1(IY+d) 1 


I 
CB ICHICHICHICH 
CHICHI 
CB 
l---oil IFD 
I 
1 0 
C7 1 CO 
C1 I C2 
C3 
C4 
I C5 I 
C6 
I 
CB 
I 
CB 
I 


I 
1 
I 
I 
I 
lid 
I 
d 
1 


I 
I 
1 
I 
1 
1 
1 
C6 
I 
C6 
1 
1----1----1---- 
----1---- 
----1---- 
--------1------1------1 
I 
I CB I CB I CB 
CB 
CB 
CB I CB 
CB 
1 
DD 
1 
FD 
I 
I 
1 I CF I C8 I C9 
CA 
CB 
CC I CD 
CE 
I 
CB 
I 
CB 


I 
1 
I 
1 
lid 
1 
d 


1 
1 
1 
I 
I 
I 
CE 
1 
CE 
1----1----1----1---- 
----1---- 
--------1------1------ 


1 
1 CB 
I CB 
1 CB 
CB 
CB 
CB 
1 CB 
CB 
1 
DD 
1 
FD 


I 
2 
I 
D7 
I 
DO 
1 
DI 
D2 
D3 
D4 
1 
D5 
D6 
I 
CB 
1 
CB 


1 
1 
1 
1 
1 
I 
did 
I 
I 
I 
I 
I 
I 
D6 
I 
D6 
1---- ----1----1---- 
----1---- --------1------1------ 
I 
CB I CB 1 CB 
CB 
CB 
CB 1 CB 
CB 
I 
DD 
1 
FD 
SET 
I 
3 
DF 
1 
D8 
1 
D9 
DA 
DB 
DC 
I 
DD 
DE 
1 
CB 
I 
CB 
BIT 
I 
1 
1 
I 
I 
did 
'SET'I 
I 
I 
1 
1 
I 
DE 
I 
DE 
1---- ----1---- ---- 
----1---- 
--------1------1------ 


CB 
CB 
CB 
CB 
CB 
1 
CB 
CB 
CB 
I 
DD 
1 
FD 
4 
E7 
EO 
EI 
E2 
E3 
1 
E4 
E5 
E6 
1 
CB 
I 
CB 


1 
I 
did 
I 
I 
E6 
I 
E6 
1---- ----1---- 
----1----1----1---- --------1------1------1 


I 
CB I CB 
CB 
CB I CB I CB I CB 
CB 
I 
DD 
I 
FD 
I 


1 
5 
EF 
1 E8 
E9 
EA 
EB 
1 EC 
1 ED 
EE 
I 
CB 
1 
CB 
1 


I 
1 
lid 
1 
d 
I 
1 
I 
I 
EE 
I 
EE 
1---- ----1---- 
----1----1---- -------- ------1------ 
I 
CB 
I 
CB 
CB 
CB 
CB 
I 
CB 
CB 
1 
CB 
DD 
I 
FD 
I 
6 
F7 
I 
FO 
Fl 
F2 
F3 
F4 
F5 
1 
F6 
CB 
I 
CB 


I 
lid 
1 
d 


I 
1 
I 
F6 
1 
F6 
1---- ----1---- 
---- ---- ---- ---- ----1-------- 
------1------ 
I 
CB I CB I CB 
CB 
CB 
CB I CB 1 
CB 
DD 
I 
FD 
I 
7 
FF I F8 I F9 
FA 
FB 
FC 1 FD I 
FE 
CB 
I 
CB 
I 
I 
I 
I 
I 
did 


I 
I 
1 
liFE 
1 
FE 


Condition 
ICar-INonIZerolNonIPar-IPar-INeg-IPosi-ICountl 


(Note)(*): Uncondition1(*) Iry 
Icar-I 
Izerolity lity 
lati-Itive 
I 
1 
__________ 
1 
I 
1ry 
1 
I 
IevenIodd1ve 1 
1 
I 
I 
IExten-1 mn I~I~I~I~I-CZ-I~I~I~I~I--I 
1JUMP'JP'ltion 
I 
I n 
I n 
I n 
I n 
1 n 
1 n 
I n 
1 n 
I 
nil 
1 
Iimme-I 
I m I m I m I m I m 1m I m I m I 
mil 
1 
1diate I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
1 
1 


1 
IRela- I PC+e11813813012'81201--1--1--1--1--1 
I JUMP'JR'ltive 
I 
le-2 le-2 le-2 le-2 le-2 I 
1 
1 
I 
1 
1 
1 
1__ 
1__ 
1_1_1_1_1_1_1_1_1 
__ 
1__ 
1 
1 
I 
1 (HL) 1E9 I 
I 
I 
I 
1 
1 
1 
I 
I 
1 
1JUMP'JP'I Reg-I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 


Iii 
ster 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1----1 
indi-I(I'i{)lonl--I--I--I--I--I--I--I--I--1 
I JUMP'JP'1 rect 1 
I E9 I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
1 
1__ 
1_1_1_1_1_1_1_1_1 
__ 
1__ 
1 
I 
1 
I (IY) 1 FDI 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I JUMP'JP'I 
I 
1E9 1 
I 
I 
I 
I 
I 
1 
I 
1 
1 
1 
1__ 
1__ 
1_1_1_1_1_1_1_1_1 
__ 
1__ 
1 
1 
IExten-1 mn I CD1 DCI D4I cc I C4I ECI E4 I FCI 
F4 I 
I 
I 'CALL' 
Ition 
I 
I n 
1 n 
I n 
I n 
I n 
1 n 
1 n 
I n 
I 
nil 
I 
1imme-I 
I m I m I m 1m I m 1m I m 1m I 
m I 
I 
1 
Idiate I 
I 
I 
1 
I 
1 
1 
1 
1 
I 
1 
I 
I-DE-C-R-EM-E-N-T-j 
Rela- 
1--PC:;:;-1--1--1--1--1--1--1--1--1--11O 
IB,JUMPIF Itive 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I e-2 
INONZEROI 
1 
I 
I 
1 
1 
I 
I 
1 
I 
1 
1 


I'DJNZ' 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 


I 
IRegis-I~lc9YD8YiX)IC8ICOIE8IEOIF8Il'clI-- 
1RETURNIter 
1(SP+1)I 
1 
I 
I 
I 
I 
1 
1 
1 
I 
1 'RET' 
Iin- 
I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
1 
1direct I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I RETURNIRegis-I(SP)IEOI--I--I--I--I--I--I--I--'-- 
I FROMINTIter 
I(SP+1)14DI 
I 
I 
I 
I 
I 
I 
I 
, 
1 'RETI' 
1in- 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
Idirectl 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
I-R-E-T-u-RN--l 
Regis-I~IEOI--I--I--I--I--I--I--I--I-- 


I FROM 
NONIter 
I(SP+l)145 I 
I 
1 
I 
I 
I 
1 
I 
I 


I MAS 
KABLE1in- 
1 
I 
I 
I 
I 
I 
I 
, 
, 
I 
I 
I INT'RETN'ldirectl 
, 
I 
I 
I 
I 
I 
1 
I 
I 
I 


Call 
Ad- 
dress 


OOOOH 
0008H 
OOlOH 
0018H 
0020H 
0028H 
0030H 
0038H 


OP 
Code 
C7 
CF 
D7 
DF 
E7 
EF 
F7 
FF 


'RST 
0' 
'RST 
8' 
'RST 
16' 
'RST 
24' 
'RST 
32' 


'RST 
40' 


'RST 
48' 
'RST 
56' 


Source 
Input 
Port 


I 
I 
I 
I 
I 
I 
I 
Imme- 
I 
Register 
I 


I 
diate 
Indirect 
I 
I 
I 
I 
I 


I 
(n) 
(c) 
I 


I 
I 
A 
I 
DB 
ED 
I 
I 
n 
78 
I 
B 
I 
ED 
I 


D 
I 
40 
I 


E 
R 
C 
I 
ED 
I 


S 
E 
I 
48 
I 


T 
INPUT 
'IN' 
G 
D 
I 
ED 
I 


I 
I 
I 
50 
I 


N 
S 
E 
I 
ED 


A 
T 
I 
58 


T 
E 
H 
I 
ED 


I 
R 
I 
60 


0 
L 
I 
ED 


N 
I 
68 


'INI' 
-INPUT 
& 
I 
ED 
I 
Inc 
HL , Dee 
B 
I 
A2 


N 
'INIR'-INP,Inc 
HL, 
I 
ED 
Block 
P 
Dee 
B,REPEAT 
IF 
B< 
>0 
(*) 
(HL) I 
B2 
input 


U 
'IND' 
-INPUT 
& 
I 
ED 
command 
T 
Dee 
HL, 
Dee 
B 
I 
AA 


'INDR' 
-INP,INC 
HL, 
I 
ED 
Dee 
B,REPEAT 
IF 
B< 
>0 
I 
BA 


(Note) 
(*) : 
Register 
indirect 


IRegis- I 


Register 
Iter in-I 
Idirect I 


I-A-I-B-I-c-I-D~I -E~I-H~I-L-I (HL) 
I 


~'O-U-T~' 
-------~I 
I-mrn-e--I-( 
n~)103/-1-/-1-1-'-' 
I 


Idiate 1 
1 n / 
I 
I 
1 
1 
I 
1 
I 


1------1---1---1---1---1---1---1---/---1-------1 
IRegis-l(c)1 EDI EDI EDI EDI EDI EDI EDI 
I 
I 
Iter in- 
I 791 411 491 511 591 611 691 
I 
I 
Idirect I 
I 
1 
I 
I 
I 
I 
I 
I 
1------------------------1------1---1--- 
---1---/---1---1---1---1-------1- 


I 'OUTI'-OUTPUT 
IRegis-l(dl 
I 
1 
1 
1 
I 
/ 
ED 
1 I 
I 
Inc HL, Dec biter 
in- 
I 
1 
I 
I 
1 
/ 
/ 
A3 
/ 
1 


1 
1directI 
I 
I 
I 
I 
I 
I 
I 
I 


1------------------------1------1---1--- 
---1---1---1---1---1------- 
I 
1 'OTIR'-OUTPUT, 
Inc HL, IRegis-l(dl 
1 
1 
I 
I 
I 
ED 
I 
1 
Dec B,REPEAT IF B < >Olter in- 
I 
I 
I 
1 
I 
I 
B3 
1 
I 
Idirectl 
I 
I 
I 
I 
I 
I 
I 


1------------------------1------1---1--- 
---1---1---1---/---1------- 
1* 


I 'OUTD' - OUTPUT 
IRegis-1 (d 
1 
I 
I 
I 
liED 
I 


I 
Dec HL 
& Biter 
in- 
I 
1 
1 
1 
I 
1 
AB 
1 
I 
Idirectl 
1 
1 
1 
1 
1 
I 
I 
1------------------------1------1---/---1--- 
---/---1---1---1---1------- 
I 
I 'OTDR'- OUTPUT, Dec HL IRegis-l(dl 
I 
/ 
I 
/ 
I 
I 
ED 
I 
I 
& B,REPEAT IF B < > 0 
Iter in- 
I 
I 
1 
I 
1 
I 
I 
BB 
I 
1 
Idirectl 
I 
I 
/ 
I 
I 
I 
I 
I 


1 
1 
--I-- 
Output port 
Destination 
Address 


(Note) 
*: 
Block Output Command 


4.4 
Table of machine 
instruction 


The 
code 
and 
function 
of 
machine 
instructions 
are 
shown 
as 
following 


table. 
In 
this 
table 
the 
symbols 
and 
abbreviated 
symbols 
are 
used 
for 


describing 
the 
instructions. 
However, 
the 
symbols 
required 
for 
special 
attention are explained on the page using them. 


I (a) I 
I 
I 


1 
I 


I 
I 


1 
I 


1 
I 
I 
1 


I 
1 


1 
1 


1 
R 
I 


1 E 


G 
I 
S 
T 
E 
R 


I 
DescriEtion 
I 
Reg,ster 
B,C,D,E,H,L,A 
1 Register 
pair 
BC,DE,HL 


1 
Stack pointer 
SP 
1 Register pair 
BC,DE,HL,AF 
1 Register 
pair 
BC,DE 


1 Index register 
IX 
1 Stack pointer 
SP 


1 Register pair 
BC,DE 
1 Index register 
IY 
1 Stack pointer 
SP 
1 Higher register 
(B,D,H) of register pair 
I Higher 8 bits of stack pointer 
(SP) 
I Higher 
register (B,D,H,A) of register pair 


I Higher 8 bits of index register IX 
1 Higher 8 bits of index register IY 
I Higher 8 bits of program counter 
(PC) 


I Lower 
register (C,E,L) of register pair 
1 Lower 8 bits of stack pointer 
(SP) 


1 Lower register 
(C,E,L,F) of register pair 


I 
Lower 8 bits of index register IX 
1 Lower 8 bits of index register IY 
I Lower 8 bits of program counter 
(PC) 


rb 
1 Bit b (0 to 7) register of (B,C,D,E,H,L,A) are expressed 1 


----------1---------------------------------------------------------1 
mn 
I Memory address indicated by 16 bits 
I 


M 
m expresses higher 8 bits and n expresses 
lower 8 bits 
I 


E 
(HL)b 
Contents of memory address bit b (0 to 7) indicated by 
I 


M 
register pair HL are expressed 
I 
o 
(IX+d)b 
Contents of memory address bit b (0 to 7) indicated by 
1 
R 
value 
that index register IX added to 8 bits data make. 
I 
Y 
(IY+d)b 
Contents of memory address bit b (0 to 7) indicated by 
I 


1 
1 
value 
that index register IY added 
to 8 bits data make. 
1 


1---1---------- 
---------------------------------------------------------I 
1 
lOBe 
reset to 0 by operation 
I 


1 
1 
1 
Be set to 1 by operation 
I 
I 
I 
No change 
I 
l(b)1 * 
Be affected by operation 
I 


1 
I 
X 
Process as a parity flag. 
--P=O 
Odd parity 
I 


1 
1 
P=l 
Even parity 
I 


I 
I 
I 


I 
I 
V 
Process as a overflow flag. 
--V=O 
No overflow 
I 
1 
I 
V=l 
Overflow 
1 


Symbol 
r,g 
t 


1 
Symbol 
I 
Description 


1 
I 


I 
<--- 
1 
Transfer 


1 
<---) 
1 
Exchange 


1 (*) 
+ 
I 
Addition 


1 
1 
Subtraction 


IlLogical 
AND 
for every 
bit 
I 
V 
I 
Logical 
OR 
for 
every 
bi t 
1 


I 
V 
1 
Exclusive 
OR 
for every 
bit 
1 


1--- ----------1---------------------------------------------------------1 


1 0 
1 
1 
1 T 
IFF 
I 
Flip 
flop 
for enable 
interrupt 
I 


I 
H 
CY 
1 
Carry 
flag 
I 


1 
E 
Z 
1 
Zero 
flag 
I 


1 
R 
1 
I 


ITEH 
ASSEHBLER 


"" 
ClAS 
HHEHOHIC 


OBJECI CODE 


BIN. 
HEX. 
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lD 
r,O 
01 rrr 
000 
lD 
r, n 
00 rrr 
110 
nn nnn nnn 
lD 
r, (iil) 
01 rrr 
110 


lD 
r, (IX'd) 
11 011 101 
01 rrr 
110 


dd ddd 
dd 


lD 
r, (IY'd) 
11 111 101 
01 rrr 
110 
dd ddd ddd 
LO(H[),r 
01 110 rrr 


lD 
(IX'dl. 
11 011 101 
01 110 rrr 
dd ddd ddd 


lD 
(Iy,dl. 
r 11 111 101 
01 110 rrr 
dd ddd ddd 


lD 
(HU,n 
00 lio 
110 
nn nnn nnn 
lD 
(IXtdY,r 
11 011 
i01 
00 110 110 
dd ddd ddd 
nn nnn nnn 
lD 
(iYtdLr 
11 111 101 
00 110110 
dd ddd ddd 
nn nnn nnn 


lOA, 
'(Be) 
00 001 010 


iD 
A, (DE) 
00 011 010 
lD-( 
(.n) 
00 l1i 
010 


nn nnn nnn 
II1II_- 
lD(Bt), 
A 
00 000 OHi 
lD 
(DEl,A 
00 010 010 
lDt.nl.A 
00 110 010 
nn nnn nnn 


mm nunm IIIIIIm 
lD 
A,r 
11 101 ioi 
01 010 111 
lOA; 
il 
11 101 101 
01 011 111 
lD 
I,A 
11 101 101 
01 000 111 


lD 
R:A 
11 101 101 
01 001 111 


16 
lD 
t,.n 
b 
i 
t l 
lDIlCim 
o 
a 
d 


40' rxB'o 
r"'o 
06trx8 
r •..·n 
n 
46. rx8 
r •...(Ill) 
DO 
r •...(IX'd) 
46'rx8 
d 
FD 
46'rx8 
d 
70<r 


DO 
70'r 
d 


FD 
70<r 
d 
36 
n 
DO 
36 
d 
nFD 
(IY'dj"':n 


36 
d 
n 


OA 
lA 
3A 
n 
•02 
12 
32 
n 
m 
ED 
57 
ED 
5F 
ED 
47 
ED 
4F 


(IIU"':r 
(IX'd)"':r 
. 


A •... (Be) 
A •••.(DE) 


A 
•••. (.n) 


(Be) •...A .. 
(DE) •••.A 
(.n)•...A 


00 !to 
001 
01'txl0 
t •...• n 
nn nnn nnn 
n 


III l1li Ill. 
• 


11 011 101 
DO 
IX•...• n 
00 100 001 
21 
nn nnn nnn 
n 


181 I11III1 l1li1 
• 


C 
S 
FLAGS 
Y 
T 


C 
A 
H/\ 
i H l. 
T. 


~ 
-_ 
1 
. 4 
rrr 
~,.~ 
2 
7 
ggg 


000 


= 
- 
... ~;~ 
~~ 


011 
100 
: 
519 
101 
111 


Register 


B 


C 
o 
E 
II 
L 


A 


2 
7 
5 
19 


3 '10 


-5 
19 


2 
7 


2 
7 


4 
13 


2 
7 
27 
4 
13 


29 


2 
9 


2 
9 


29 


tt 
RegJ ster 
3 
10 
00 
Be 
01 
DE 
10 
Hl 
4 
14 
11 
SP 


Notes: 
r,g 
means any of 
the 
registers 
A,B,C,D,E,H,l. 


IFF the 
content 
of 
the 
interrupt 
enable 
fl ip-flop 
(IFF) 
is copied 
Into 
the 
P/V 
flag. 


ITEH 
ASSEHBLER 


"" 
CLAS 
ttlEHOHIC 


TOsp:HC 
ID 
SP, IX 


[OSP:IV 


plJSitlj 
. 


plJSit IX 


j>~fIV· 


p()p q ... 
pop 
IX 


pop --IV 


OBJECTCODE 


~N. 
IIEX. 
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11 111 101 
00 100 001 
nn nnn nnn 


mm 
mmm 
mmm 
<xi 101 oio 
nn nnn nnn 
IIBIMI 
mmm 
11 iOl 101 
01 no 011 
nn nnn nnn 
II _III 
11 011 101 
00 101 010 
nn nnn nnn 
II III 
1l1li 


11 111 10i 
00 101 010 
nn nnn nnn 
mm mmm mlDlll 
00 ioo 010 
nn nnn nnn 
mm 
__ 


li 101 101 
01 tlO 011 
nn nnn nnn 
11_11111 
11 oli 
jo; 
00 100 010 
nn nnn nnn 
11_- 
l111jiol 
00 100 010 
nn nnn nnn 
ml Mm mmm 
lj 
ill 
001 
li 01110i 
11 111 001 
11 lil 
iOl 
11 111 001 
l1qqO 
101 


11 011iol 
11 100 101 
l1il1101 
11 100 101 
11 qqO 001 
11 011 101 
11 100 001 
li 
111 101 


11 100 001 


C 
S 
FLAGS 
V 
T 


C 
A 


C 
II 
L 
T. 


14 
FD 
21 
n 
I 
2A 
n 
I 
ED 
t. "':(Io;j) 
4B.txl0 
t, 
<-(In) 
n 
I 


DO 
2A 
n 
I 
FD 
2A 
n 
I22 ... ····(mo;jHI·· 


n 
(mn) <-L 


I 
ED· 
(1Il+iFf~ 


43+txl0 
(In)<- 
t, 


n 
I 


DO 
22 
n 
1 
FD 
22 
n• 
F9 


DO 
F9FD 
·····SP...:W 


F9 
c5.qxiO 


DO 
E5 
FO 
E5 
Cl+qxl0 
DO 
. 


El 
FD 
El 


iI"':(lri;;) 


L <-(In) 


···5 1(f tt 
00 
01 
620 
10 
11 


IX. <-(In+l) 
IX, <-(In) 


IV. <-(In+l) 
IV, <-(In) 


(Iri'lj;':'IX. 
(In)<-IX, 


(SP~2i':Ij~;(SP:j)",:q~· •... 
(SP-2)<-IX, 
(SP-l)<-IX. 
SP<-SP-2 
(SP-2)<-IV, 
(SP-l)<-IV. 
SP<-SP-2 
....q~:,:(S~~-l 
Lq~": 
(SPi:..... 


IX. <-(SP+l). 
IX, <-(SP) 


SP<-SP+2 
IV~-;':'(SP+lj~IV, 
<- (SP) 
SP<-SP+2 


EX 
DE.ilL 
11 101 011 
EB 
DE-ilL 


(1)EX 
:}F.A:.·· 00 001 00<i 
08·· 
AF-AF' 
EXX 
.. 1j 61j 001· iJ9 
···8C;;8C'Ot;;OCiII;;iIC 


Notes: 
t is any of the register 
pairs 
BC,DE,IIL,SP. 


q is any of the register 
pairs 
AF,8C,DE,IIL 


: (PAIR)II,(PAIR)l refer 
to high order and low order eight 
bits 
the register 
pair 


respectively. 
(Ex) Be, =C AF. -A. 
(1) •••••·Exchange and block transfer 
and search. 
MAC80-51 


Re Ister 


Be 


DE 
ilL 
SP 


Register 
Be 


DE 
ilL 
AF 


ADD A,r 
10 000 rrr 
8O'r 
ADD A,ii 
11 000 110 C6 
nn nnn nnn 
n 
ADDA,jllf) 
10000110 
86 
············A+:-A+iitU 
ADD A,((X.d) 
11 011 101 
DO 
A+:-A.(ix+d) 
10 000 110 86 
dd ddd ddd 
d 
ADD A. (IY.d) 
1;111 
101 
FD 
..... A +-A.((Y+dY- 


10000 
110 86 
dd ddd ddd 
d 
. 
. 
.. 


AOC'AJ 
10001 
rrr 
88'r 
A .-A.r.CY 
AOC A,n 
11 061110 
CE 
A +-A'n'CY 
nn nnn nnn 
n 
AOCA, (ilL) 
10 00; 110 
8E 
A+:-A+(Ilt)+CV 
AOC·A,(IX.d) 
1; 011 101 DO 
A +-A.(IX.d).CY 
10 001 110 8E 
dd ddd ddd 
d 


AIiC A,OY+d); 1 ; 11101FD 
10 001 110 8E 
dd ddd ddd 
d 


suer. 
;0 010rrr 
9o+r'" 
A +-A~r- 


SU8 nll0;0110 
06 . 
A +-A-ii 
nn nnn nnn 
n 
SU8 (till' 
10 010 110 96 
SUB ((X.d)11 
011 10; 
DO 
10010 
110 96 
dd ddd ddd 
d 
siiB-Tlv+djljfii 
101 
FD 
10 010 110 96 
dd ddd ddd 
d 


!TEH 
ASSEHBLER 


"" 
ClAS 
ttlEHOHIC. 


E 
x t 
c r 
h a 
a n 
n s 
g f 
e e 
r 
a 
n a 
d n 
d 


b 
I s 
CPI 
o e 
c a 
k r 
c 
h 


(SP',lll 
(SPUX 


(SPUY 


II -(SP.ll.l-(SP) 
IX" -(SP+;j 
. 


IX, -(SP) 
IY" -(SP.1) 
IY, -(SPj 
(DE)+-(IlLl, DE+-DE·f 
1l1+-lll'l 
,BC+-BC-l 


(DE)+-(Illl. 
DE+-DE.l, 
IIl+-lll'l 
,BC+-BC-l 
Repeat unt i I BC=O 
(DEl+-(tiLi , DE+-DE-l 
Ill+-lll-1 
,BC+-BC-l 


(DE)+:-(IILl, DE+-DE-l 
0: J 0 
5 
21 
+-[BC<>O) 


~~;:~ -~nt ~+-:Ol 
::! 
" 
4 
16 
+-[BC=O) 


A-(IlLl' 
. 
':~Ii'Hi': 
1[4 
16 


Ill+-lll'l 
BC+-BC-l 
;,; 
, , 


........A~(IlU,iIL+:-lIl+1, 
Bt+-BC-l~;;Ii'HT~'T5 
h +-[BC<>O& A<>(IlLl) 


..... Repeat untiIA~(lllLQrBC~ 
" 
i i; 
4 
16 
+-[BC=Oor A=(IlLl) 


A-(IILl~;;if.tiT.:f' 
4 
16 


~~~I:~~~llt~;L~t\C+-Bt~;U'HI 
Jl!S 
21 
+-[BC<>O& A<>(HLl) 


Repeat unt i I A-(IILl or BC- 
': 
4 
16 
+-[BC=Oor A=(IlLl) 


; 
j, 
*'. 
V! 
oj a 
1 
4 
ii ii vi o! aft 
rrr 


,,; 
000 
~;,vl~.~...it 
001 


., *i vT*'o 
5 
19 
010 


i, 
011 


, , , 
100 


.....; ..~ ·Yr~-o,···· ····5·"19·· 
101 


!! 
J! 
111 


=- 
.~, ".!, 
V' *' (l; 
-f 
........- 
vT~l 
27 


......... 
J.' v!.'Ii 
it 
,,*, vT*,o 
5 
19 


OBJECTCODE 


BIN. 
IlEX 
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11 100 011 
£3 


11 011 101 
DO 
11 100011 
E3 


;1 111 101 
FD 
11 100 011 
E3 


11 101 101 
ED 
10 100 000 
AO 
11 101 101 
ED 


10 110000 
BO 


11 101 101 
ED 
10 101 000 
A8 


11 '101 101 
ED 
10 111 000 
B8 


11 101 101 
10 100 001 
11 101 101 
10 110 001 
11 10f;01 


..... 10 101 001 
11 101 101 
10 111 001 


A +-A-(tiO 
A +-A-Ox+d) 


C 
S 
FLAGS 
Y 
T 
C 
A 


Cl 
PIV s II'II l. 
1. 


-, -' 
- 
-, 
5 
19 


-i - 
-' 
-, ····6 ii 


: 
; 
: 


-, -i.Hi-, lie 
4 16 


; 
, 
0 
-' 0 e 
5 
21 
+-[BC<>O) 


4 
16 
+-[BC=O) 


i 
j 


~.~.'H: 
0(4 
16 


Reoister 
B 
C 
o 
E 
II 
l 


A 


-~*TVT*!(i5 
19 


i i 


.............. 
··':~vl./l.5 
'19 
....VT 
or f 
2 
t 
.;",vIA;1 
i'" t 
*'*' 
Vi,,!l!' 
T 19 


; 
......-o:J vI ~1!.-519 


j 
t 


Motes: 
.""P/B 
flag 
is 0 if the result 
of BC-l-0, otherwise 
PIY=l. 
: .M·Z flag 
is 1 if A-(IILl, otherwise 
z·o. 
: r leans any of the reoisters 
A,B,C,D,E,H,l 


ITEH 
ASSfHBLER 


"" 
CLAS 
HHfMONIC 


OBJfCT 
COOf 


BIN. 
HfX. 


76 543 
210 


SBC 
A, r. 
10011 
rrr 
98'r 
SBC 
A, n 
11 011 
110 
Of 
nn nnn nnn n 
S8C((Hl) 
10.011 
110 
9f 


SBCA, 
(iXtd) 
11011 
101 
DO 
10 011 
110 
9f 
dd ddd 
ddd 
d 


SBC 
((tY'd) 
11 111 
101 
FO 
10 011 
110 
9f 


dd ddd 
ddd 
d 
10 100 
rrr 
A(j;f 


lfjooTflfIs 
nn nnn nnn n 
10 100 
110 
A6 


11 011 
101 
DO 
10 100 
110 
A6 


dd ddd 
ddd 
d 
11 111101 
FO 
10 100 
110 
A6 
dd ddd 
ddd 
d 
10 110 
rrr 
1l0'r 
11 110 
110 
F6 


nn nnn nnn n 
10 110 
110 
B6 


11 011 
101 
00 
10 110 
110 
86 
dd ddd 
ddd 
d 


11.111 
101 
FO 


10 110 
110 
86 
dd ddd 
ddd 
d 


10 101 
rrr 
A8. r 


11 101 
110 
ff 
nn nnn nnn n 
10 101 
110Af 
11 011 
101 
DO 
10 101 
110 
Af 
dd ddd 
ddd 
d 
11111 
101 
FO 
10 101 
110 
Af 


dd ddd 
ddd 
d 
10 111 
rrr 
88'r 
11 111 
110 
Ff 
nn nnn nnn n 
10 111 
110 
8f 


11 011 
101 
00 


10 111 
110 
Bf 
dd ddd 
ddd 
d 


11 111 
101 
FO 
10 111 
110 
Bf 


dd ddd 
ddd 
d 


00 rrr 
100 
04' rx8 


00 110 
100 
34 


11 011 
101 
DO 
00 110 
100 
34 
dd ddd~ 
d 


AND .r. 
AIio 
n 


AND 
(HL) 
AND 
(IX.d) 


AND 
(IY.d) 


OR 
OR 


OR 
(IlL) 


OR 
(IX.d) 


OR 
m'd) 


XOR 
XOR 


XOR 
(ilL) 


XOR 
(IXtd) 


XOR (fi'td) 


CP 
CP 


CP 
(HL) 
CP 
(IX.d) 


CP 
. (IY.d) 


INC 
r 


INC 
(HO' 


INC 
(iXtd) 


A·":-F(HO-cy 
A ":-A~(iXtd)~tV 


A <- At\lHL) 
A <- At\ (Ix.df 


A ··..:-AV(1I0 


A <- AV(IX.d) 


A <- A\f(liL) 
A <- A\f (IXtd) 


r •.....r+l 
(Hl)":-(HO" 
(iXtd)":-(IXtd)<i 


C 
S 


FLAGS 
Y 
T 
C 
A 


dl 
P/II S ~ I L. 
1. 


*1 *1 V;,; 
l' 
1 
4 
.. 
'1~ V l'lT "27 


~ ! i 
::~ijlll;r 


~ i ; 


V i.J,i. 


ister 
8 


C 
o 
f 
H 
L 
A 


'";r rrr 
····-T 000 


001 
". ""r 
010 
19" 
011 
100 
101 
o~ Pi'loT 5 19 111 


d"pp 
1..,.•••• 1... 00',: 
0·1 
! i 
i 
j 
; 


00'.'5. p10; 
<i 
2' i 
P r~O' "519 


~ 


o~ pl~J 


rt.; prJJ4 
o':pl'ld 
i 


o oj 
Ppt,.•.' 
,.;,.,...;° 
0 
'.; 
27 


o ~ 
519 


00; plJJ 


! 
! 
, ,h 
$I".: v 


•• J 


.~ 
j 
4 
..... 
...; 
..j 


V 
f 


.-.. i 
$j *' 
*' 
2 


, [ l 


*j ~;V ,j~i 
7 
..; 
V 
19 


, , 
; ! , 
,J,l 
.,.~vi 
19 
. i 


i__ 
.._i. ~i} 
& 
f 
4 
..; .:.! 
i) 


..... 


3 
11 
- .' v:'; 
0' 
il 
23 


ITEH 
ASSEH8lER 
08JECT CODE 
C 
S 
flAGS 
Y 
T 
" 


I'MEHOHIC 
BIN. 
HEX. 
FUNCTION 
C 
A 
ClAS 
l. 
T. 


76 543 210 
PNS:~ 
I 


8 
a INC ([Y'd) 
11 111 101 
FD 
([Y'd) +-([Y'd)' 
1 
V 
6 
23 


bar 
00 110 100 
34 
i r d 
dd ddd ddd 
d 
t i 
DEC r 
00 rrrHi; 
.05~rx8 .•.•.•.r +-r-l 
V 
4 
rrr 
Reaister 
t I DEC (Ill) 
... 00 ;10 )01 
35 
(Ill) +-(if(F; 
~ 
t 
11 
000 
8 


h C DEC ([X'd) 
11 011 101 
DO 
(IX'd) +- (IX'd)-l 
23 
001 
C 
• i 
00 110 101 
35 
010 
0 
e 
I 
dd ddd ddd 
d 
011 
E 


t C OEC (IY'd) 
11 111 10; 
FD 
([Y'd) +- ([Y,dH 
V 
6 
23 
100 
H 
i 
00 110 101 
35 
101 
l 


c I 
dd ddd ddd 
d 
111 
A 


G 
OM 
00 100 111 
27 
Decilal 
adjust 
accululator 
P 
1 
4 


e a 
CPl 
00 101 111 
2F 
A+-1I 


V 
1 
4 


n r 
NEG 
11 101 101 
ED 
A +-O-A 
2 
8 


e i 
01 000 100 
44 


r t 
ctF 
00 111 111 
3F 
CY+-ri' 
". 
"f 
f 
a h 
SCF 
DOfl0 
111 
37 
tY;;:! 
'f 
4 


I • 
NOP 


......... 


00 060 000 
00 
No operat ion 
.... 
- 
- 


e 
HA(T 
01 iio 
110 
76 
cpO ha lied 
.... 


p t 
01 
;1 110'011 
F3 
IFF 
;;:0 


...... 
- 


u i 
EI 
11 111 011 
FB 
IFF ;;:; 
=. 


r 
C 
( 
IH<i 
11 10;101 
ED 
set 
interrupt 
mOileo .. 
- 


p 
01 000 110 
46 
2 
o a 
IHI 
;1 101 101 
ED 
Set 
interrupt 
lIOde"l 
- 
8 


s n 
01 010 110 
56 
e d 
1H2 
11 101 101 
ED 
Set 
interrupt 
lIOde 2 
- 
2 
8 
I 
01 011 110 
5E 


ADD Ill,! 
00 ttl 
001 
W·txl0 
IIl+-lIl'ss 
- 
3 
11 
tt 
Reoister 
Abc 
Ill, t 
····11 101 101 
ED 
. 
1I(+-IIl'ss~ty 
V 
4 
15 
00 
BC 


01 ttl 
010 
4A·txl0 
4 
01 
DE 


16 
SBC Hl, t 
11 101 101 
ED 
Hl+-IIL-ss-CY 
V 
15 
10 
Hl 


b 
01 ttO 010 
42' txl0 
11 
SP 


i 
ADD IX,p 
11 011 101 
DO 
IX+-IX'pp 
- 
4 
;5 


t 
... 
00 ppl 001 
09,pxl0 
... 
p 
Reaister 


ADD IY,s 
11 111 101 
FD 
IY+-IY'rr 
415' 
00 
BC 


a 
.. 
00 ssl 
001 
09'sxl0 
.... 
01 
DE 
r 
INC t 
00 iio 
011 
03'txl0 
ss+-ss~l' 
..... 
1 
6 
10 
IX 


i 
uic 
IX 
11 Oil 101 
DO 
IX+-IX'; 
2 
10 
11 
SP 


t 
00 100 011 
23 
: 
h 
IHC IY 
lii\1 
101 
fD 
jY+-IY'l 
2 
io 
ss 
Register 
• 
00 100 011 
23 
. 
00 
BC 


e 
DEC t 
00 ttl 
011 
08'txl0 
ss+-ss-l 
"~'ii 
01 
DE 


t 
DEC IX 
11 011 iOl 
DO 
IX+-IX-i .. 
- 
10 
10 
IY 


i 
00 101 011 
28 
11 
SP 


C 
DEC IY 
il 
1;1 101 
FD 
IY;;:iv:l 
"' 
- i 
216 
00 101 011 
28 


oo-I{BjJ 


! -I 
(2) 
RlCA 
00 000 111 
07 
.. 
1 
4 
A 
! 


Notes: 
IFF indicates 
the 
interrupt 
enable 
fl ip-flop. 
CY indicates 
the carry 
fl ip-flop. 
: ss is any of the register 
pairs 
BC,DE,Hl,SP. 
PP is any of the register 
pairs 
8C,DE,IX,SP. 
rr 
is any of the rea ister 
pa irs BC,DE,IY,SP. 


(2) ..·.. ·Rotate 


ITEH 
ASSEHBLER 
OBJECT CODE 
S 
FLAGS 
T 
"" 


HNEI«lNIC 
BIN. 
t1EX. 
FUNCTION 
A 
CLAS 
T. 
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RLA 
00 000 
111 
17 
~ 


........ _-~ 


RRCA 
00 001 
111 
OF 
4BJl-.rm 


.A 


RRA 
00 011 
111 
1F 
~ 
A ... 


RlC 
r 
11 001 
011 
CB 
00 000 
rrr 
OO+r 
RLC 
(HLf 
11 001 oii 
CB . 


0 
00 000 
110 
06 
RLC-(jX'd) 
11 011 
101 
00 


~ 
11 001 
011 
CB 
dd ddd 
ddd 
d 
r, (HL), (lX+d), 
(lY+d) 


00 000 
110 
06 
RLC 
(lY+d) 
11 liil01 
Fa 


11 001 
011 
CB 


dd ddd 
ddd 
d 
e 
......... 
00 000 
110 
06 
RL 
r 
Ii 
OOiOl1 
Cil 
2 il 


00 010 
rrr 
l()<r 
RL 
Mi 
Ii 
Ooi oil 
CB 
15 
00 010 
110 
16 
RL 
.(lx,(j)- 
il01iHil 
00 


~ 


6 
23 


11 001 
011 
CB 


dd ddd 
ddd 
d 
r, (Hlj, 
(lX+d), 
(lY+d) 
00 010 
110 
16 
RL 
nv,(j) 
11 liliol 
FO 
Ii if 
11 001 
011 
CB 


dd ddd 
ddd 
d 


00010 
110 
16 
RRC 
r 
11 00loil 
Cil 
2 
8 
00 001 
rrr 
08'r 
RRC miX 
11 00; 
Oil 
CB . 
f 
15 
00 001 
110 
DE 
4BJl-.rm 
RRC 
UX'd} 
11 011;01 
DO 
Ii if 


11 001 
011 
CB 
r, (HL), (lX+d), 
(IV+dl 
dd ddd ddd 
d 
00 001 
110 
DE 
RRC···TiY'(j) 
l11ifl01 
FO 
11 001 
011 
CB 
dd ddd 
ddd 
d 
00 001 
110 
DE 
RR 
r 
11001011 
Cil 
00 011 
rrr 
18'r 
RR 
(itO 
11 001 
011 
CB 
~ 
00 011 
110 
IE 
RR -- (ix,(j) 
1; 
011 
101 
DO 
r, (HL), (lX+d) 
11 001 
011 
CB 
dd ddd ddd 
d 
00 011 
110 
IE 


rrr 
Register 


000 
B 


001 
C 


010 
0 


011 
E 


100 
H 


101 
L 


111 
A 


ITEH 
ASSEHBER 
OBJECT CODE 
C 
S 
F LAG 
S 
Y 
T 
"" 
2BIN. 
IIEX. 
FUNCTION 
C 
A 
CLAS 
~EHONIC 


P/\ S 
L. 
T. 
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RR 
(lY'd) 
11 111 101 
FO 
4E:J=@J 


P 
6 
23 


11 001 011 
CB 
dd ddd ddd 
d 
([N) 


00 011 110 
lE 


SLA 
r 
11 001 011 
CB 
p 
2 
8 
00 100 rrr 
20'r 


SLA 
(ilL) 
li 
001 011 
cii 
P 
4 
15 
00 100 110 
26 
... 


SLA 
([X'd) 
11011 
Hil 
00" 
p 
6 
23 
R 
11 001 011 
CB 
~ 


dd ddd ddd 
d 
r, (Ill), 
([X,d), 
(lY'd) 


0 
00 100 110 
26 
SlA 
(iV'd) 
11 111 101 
FO 
P 
6 
23 
t 
11 001 011 
CB 
dd ddd ddd 
d 


a 
..... 
00 100 110 
26 
'i 
jf 
SRA 
r 
if 
ooi 
011 
cii 
P 


t 
(iiL) 
...... 00 101 rrr 
28'r 


SRA 
lioolo11 
cii ........... 
p 
4 
lS 


e 
00 101 110 
2E 
.. 


I', ,'p, 
'C 
SRA 
([X'd) 
il 
Oil 
101 
00 
6 
23 
11 001 011 
CB 


~ 
dd ddd ddd 
d 


a 
00 101 110 
2E 
r, (Ill). 
([X'd), 
(lY'd) 


SRA 
(lY;d) 
11111101 
FO 
P 
,t 
6 23 
n 
11 001 011 
CB 


dd ddd ddd 
d 


d 
00 101 110 
2E 
... 
... 


SRl 
r 
11 001 011 
CB 
1-, - 
p:" 
C:c 
2 
8 
00 111 rrr 
38'r 
p 
SRL 
(ilL) 
li 
001 011 
CB . 
I- 
i!:C 
4 
15 


s 
00 111 110 
3E 
:('1"6 
SRl 
([X'd) 
11 oii 
101 
DO 
Ii 
if 
i 
11 001 011 
CB 


dd ddd ddd 
d 
~ 
f 
00 111 110 
3E 
r, (HL), ([X'd), 
(lY'd) 


It, ,ip ,' 
SRl 
([Y'd) 
11 111 10i 
FD 
6 
23 


t 
11 001 011 
CB 


dd ddd ddd 
d 
00 111 110 
3E 


: - 
p 
RLO 
11 101 101 
ED 
A~(HL) 


5 
18 
01 101 111 
6F 


RRO 
'11101 
101 
ED 


", ....... 
I): - 
p 


.._. 


5 
18 
01 100 111 
67 
A~(Hl) 


BIT 
b, r 
11 001 011 
CB 
-j$j 
X ix 
01 
2 
8 


(3) 
01 bbb rrr 
40'bx8'r 
L'::r. 
i] 
t 


BIT 
b, (HO 
iioojOl; 
C8 ...... 
··~r~ 
"j('X cl1 
:i 
12 


01 bbb 110 
46'bx8 
Z <-Ill. 


Notes 
: The notation 
(Hlh 
indecates 
bit 
b(O to 
7) within 
the 
contents 
of 
the 
HL 
register 
pair. 
: The notation 
r. 
indicates 
bit 
b(O to 
7) within 
the 
r register. 
(3) 
······Bi t set, 
reset 
and 
test. 


rrr 
Regi ster 


000 
B 


001 
C 


010 
0 
011 
E 


100 
II 
101 
l 
111 
A 


Rotate 
digit 
left 
and 
right 
between 


the 
accumulator 
and 


location 
(Hl). 
The 


content 
of 
the 
upper 


half 
of 
the 
accullU- 


lator 
is unaffected. 


bbb 
Bit 


000 
0 
001 
1 
010 
2 


011 
3 


100 
4 


101 
5 
110 
6 
111 
7 


lTEH 
ASSEHBLER 


"" 
CLAS 
HNEHONIC 


BIT 


BIT 


SEt 


SET 


SET 


SET 


a 
n 
RES 
d 
RES 


RES 


RES 


OBJECTCODE 


BIN. 
flEX. 
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b, (IX+d) 
11 011 101 
11 001 011 
dd ddd ddd 
01 bbb 110 
b,(Iv+d) 
1111j 
101 
11 001 011 
dd ddd ddd 
01 bbb 110 
b, rjj 
oojojj 
11 bbb rrr 
b,(IIL) 
...'11001011 


11 bbb 110 
b,O)('d)11 
011 101 
11 001 011 
dd ddd ddd 
11 bbb 110 
b,(Iv'd) 
l11jl101 
11 001 011 
dd ddd ddd 
11 bbb 110 
11 001 011 
10 bbb rrr 
b, (Hl) 
11 001 011 
10 bbb 110 
b,Ti)(id) 
'110111oj 
11 001 011 
dd ddd ddd 
10 bbb 110 
b: (iy'd)j1 
jjj 
10j 
11 001 011 
dd ddd ddd 
10 bbb 110 


JP 
mn 
11 000011 
nn nnn nnn 
mmmmmmmm 
JP 
c, mn 
11 ccc ojo 
nn nnn nnn 
am mlBl1 mmm 
JR 
mn 
00011000 
aa aaa aaa 
JR 
C,mn 
ooii 
1000 
aa aaa aaa 
JRNC,IIn 
00ljO 
000 
aa aaa aaa 
JR 
i,lIiil 
oojolooo 
aa aaa aaa 
JR 
NZ,mn 
00 100 000 
aa aaa aaa 
oJNlmil 
00 ojo 
000 
aa aaa aaa 
JP 
(Hl)jj 
101 001 


00 
CB 
d 
46+bX8 


FO 
CB 
d 
46+bx8 
CS··············· 


CO+bx8+r 
CS 
. 


C6+bx8 
00 . 
(jxid);~j' 


CB 
d 
C6+bx8 


FO 
CB 
d 
C6.bx8 
CB 
····r~~O 


BO+bx8+r 
CS 
. 


86+bx8 


DO 


CB 
d 
86'bx8 
FO 


CB 
d 
86+bx8 


C3 
n 
m 
t2icj(if 
n•18 
a 
3B 
a 
30 
a 
2B 
a 
20 
a 
10 
a 
t9 


II 
t~o:coilt 
irue 
I(c~j 
:jit~lIiil 
i ( c~j :collt i nue 
I ft~O:jic~mil 
II 
FO:continue 
IF t=nt~JUil 
IFZ=l,continue 
'f(Hjic~D1il""'" 
S~B: 
lIF 
.B~O,coiltinue 
. 


iF 8*0, 
PC~Pt+e' 
. 


jit~lIC""" 


Regi ster 


B 
C 
o 
E 


H 


L 


A 


cc 
c 
Condi t ion 
OO( NZ 
non zero 


001 Z 
zero 


OH NC non carrv 
011 
C 
carry 


10( PO pari tv odd 
101 PE 
pari tv even 


lH 
P 
ign positive 


111 
H 
ign negative 


:,;. 


-! -: 
. !.... , 
-! -! 
-; 
-, -, 


e represents 
the ex- 


tension 
in the rela- 
tive 
addressing 
I!Ode 


an=(Now PC)+e 


a=e-2 
e is a signed 
two's 


COllPIement number 
in the ronge 
<-126,129> 


Notes: 
The notation 
(Hl) 
• ,(IX+d). 
indicates 
bit 
b(O to 7) within 
the contents 
of 
the register 
pair. 


The notation 
r. 
indecates 
bit 
(0.7) 
within 
the r register. 
; a=e-2 
in the op-code 
provides 
an effective 
address 
of PC+ e as PC is 
incremented 
bV 
2 prior 
to the addition 
of e. 


TLCS-ZSO 
List 
of 
Machine 
Instructions 
(9/9 
) 


ITEH 
ASSEHBlER 
OBJECTCOAD 


"'-"'- 
HNEHONIC 
BIN, 
HEX, 
FUNCTION 


ClAS 
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J 
JP 
(IX) 
11 011 101 
DD 
PC•...(IX) 
- ; 


u 
11 101 001 
E9 


m 
JP 
(IV) 
11111 
101 
FD 
i>cf..-(tv) 


p 
11 101 001 
E9 


CAll 
mn 
11 001 101 
CD 
(SP-l) •...PCH . 
(SP-2) •...PC, 


nn nnn nnn 
n 
PC•...mn 


mmmmmmmm m 
SP•...SP-2 
cAlle.iIIn 
11 ccc 
100 
C4~ex8 
l(eond 
,flone 
Is false 
nn nnn nnn 
n 
cont Inue 


mmmmmmmm m 
Otherwl se same as ca linn 


RET 
11 001 001 
C9 
PC, f..-(SPl,PCHf..-(SP+l) 
SP•...SP-2 
RET c 
11 ccc 000 
CO+cx8 
If 
condltioncTsfalse 
r 
cont i nue 
e 
Otherwi sesameas 
RET 


t 
RETI 
11 101 101 
ED 
Return 
from 
Interrupt 


u 
01 001 101 
4D 


r 
RETN 
ii 
iOl 
101 
ED 
Return 
from non maskable 
- 
4 
14 


n 
01 000 101 
45 


RST 
11 kkk 
111 
C7+kx8 
11 


IN 
A. (n) 
11 011 011 
DB 
A •...(n) 


nn nnn nnn 
n 
n -->AO~A7 
A -->A8-A15 
IN 
r.(C) 
11 101 10i 
ED 
r f..-(C) 
i(r~110onlyihe 


01 rrr 
000 
4D+rx8 
f lags wi II 
be affected 


INl 
11 101 ioi 
ED ' "'", 
(HLjf..-(C),, 
Bf..-8~1.HLf..-Hl+l 


10 100010 
A2 


lNlR " 
11 10i 
101 
ED 
(HL) •...(C) .8 
•...B-l,ill 
•...Hl +1 
10 110 010 
B2 
Repeat unt I I B·O 


INO 
hiol 
101 
ED 
(tiLjf..-(C) 
.8f..-B~1, 
Hl f..-Hf-l 


10 101 010 
AA 


INDR 
11 101 101 
ED 
Oil) •...(Cl. 
B•...B-l, IIl •...lIl-1 
10 111 010 
BA 
Repeat unt I I B'O 


ouT 
(n), A 
11 010 011 
oj 
(n) 
f..-A 
""'" 
" 


nn nnn nnn 
n 
n -->AO-AT 
A -->A8~A15 
OUT 
(Cl. r 
il 
101 101 
ED 
(cjf..-A 
"","','," 
, 
"""'" 


01 rrr 
001 
41+rx8 
OUTI 
11 101 101 
ED 
(C) •...(lIl). 
B•...B-l,lIl 
•...Hl+l 
10 100 011 
A3 
OTIR 
l110j 
101 
ED 
(C) f..-Oll). 
Bf..-B~1, IIl •...HL~j 


10 110 011 
B3 
Repeat unt I I B'O 


OUTO 
11 101 101 
ED 
(C) f..-(tllLBf..-B-l.Hl 
•...Hl-l 
10 101 011 
AB 
OTDR 
li 
101 101 
ED 
(C)f..-(lIl).8f..-8~i.llff..-tll-l 
10 111 010 
BB 
Repeat unt I I B·O 


Notes 
: *H·Z flag 
Is 1 If 
the 
result 
of 
B-l·O. 
otherwi 
se z'O 


: AO~A15 
Indicate 
the address 
bus, 


-: -' 
11 


J.' 
Pi .:~* 3 
j2 


, 
, 
' 
21 
-~~'j(:Xf 
'416 
-,:nn 


~~~ 
.x· i··l"ll 
~if 
j J 11 


-.~ 
Xi Xl' 


-ii: X:xl l' 


-.~ Xi X li 


~1' "Xr~l: 


Condition 
non zero 
zero 
non carry 
carry 
parity 
odd 
pari ty even 
Ign positive 
ign negat Ive 


Re ister 


B 


C 


D 


E 
H 
l 


A 


21 
•...[B<>O] 
-->AO~AT 


16 
•...[B·O] 
-->A8~A15 


16 


21 
•...[B<>O] 


16 
•...[B·O] 


11 


12 


16 


5 
21 
•...[B<>O] 
-->AO-A7 
4 
16 
•...[B·O] 
-->A8-A15 


4 
16 


21 
<--[B<>O] 


16 
•...[B·O] 


The 
assembler 
instructions 
are 
used 
to 
reserve 
memory, 
set 
up 
constants, 
etc, 
for 
the 
assembler 
in 
time 
of 
assembling. 
The 
MACRO-80 
Macro 
Assembler 
provides the following assembler 
instructions: 


1) 
Symbol definition instructions 
EQU DEFL 


2) 
Data definition 
instructions 
DEFB DC DEFW 
3) 
Memory 
reserving 
instruction 
DEFS 
4) 
Location 
counter control instructions 
ASEG CSEG DSEG COMMON ORG 
.PHASE-.DEPHASE 


5) 
Linkage 
instructions 
GLOBAL EXTERNAL 
.REQUEST 


6) 
Other 
instructions 


.z80 END 


5.1 
Symbol definition 
instructions 


There are the following 
two instructions 
for defining symbols. 
EQU 
for defining symbols (redefining 
is not possible). 
DEFL 
for defining symbols (redefining is possible). 


(1) 
EQU Instruction 
The 
EQU 
instruction 
is used 
to give 
a 
value 
described 
in 
the 
operand 
field to a symbol described 
in the name field. 


Name field 
I 
Operating 
code field 
1 
Operand 
field 
--------------1----------------------1----------------------------- 


Symbol 
I 
EQU 
I Symbol, Constant, Character 
I 
I String, Expression, 
etc. 


This instruction cannot omit the description 
in the name field. 


If a symbol described 
in the name field shows other values than that in 


the operand field, an error is generated. 
A 
symbol, 
expression, 
etc. 
to be 
described 
in 
the 
operand 
field must 
have satisfied the following conditions: 


1] 
External 
reference 
symbols cannot be included. 


2] 
Reserved words cannot be included as symbols. 
3] 
User 
defined 
symbols 
must 
be 
already 
defined 
symbols 
before 
applicable EQU instructions. 


The EQU instruction assigns numerical attributes 
to symbols. 


The name field and 
the operating 
code 
field must 
be 
delimited 
by more 


than one space. 
A value 
obtained 
as 
a 
result 
of 
evaluation 
of 
an 
expression, 
etc, 
in 


the 
operand 
field 
is 
assigned. 
Whether 
the 
value 
is 
absolute 
or 
relocatable 
depends upon the regulation for evaluating expression. 
Any 
symbol once defined by the EQU instruction cannot be redefined. 
To 


define 
any 
symbols 
requiring 
redefinition, 
DEFL 
instrcution 
described 


later is used. 


(Example) 
ADR100 
EQU 
100 
(a) 
CONSTI 
EQU 
ADR100 
(b) 
ADR110 
EQU 
ADR100+10 
(e) 


(a) 
A 
constant 
100 
has 
been 
defined 
for 
symbol 
ADR100. 
This 
may 
be 
regarded 
that 
symbol 
ADR 
100 has 
been 
defined 
for 
address 
100. 


(b) 
Symbol 
CONSTI 
has 
been 
so 
defined 
that 
it 
is 
equal 
to 
the 
value 
of 
symbol 
ADR100 
which 
has 
been 
defined 
in 
the 
operand. 
However, 
as 
a 
constant 
of 
100 has 
been 
defined 
for 
symbol 
ADR100 
is 
the 
example 
(a), 
the constant 
100 is also 
defined 
for 
symbol 
CONSTI. 


(e) 
It has 
been 
defined 
that 
the value 
of 
symbol 
ADR110 
is equal 
to a value 
of 
symbol 
ADR100 
plus 
10(110). 


(2) 
DEFL 
Instruction 


The 
DEFL 
instruction 
is 
used 
to 
assign 
variable 
values 
to 
a 
symbol 
described 
in the 
name 
field 
or 
to change 
the values. 


Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1----------------------------- 


Symbol 
1 
DEFL 
I 
Symbol, 
Constant, 
Character 


1 
I 
string, 
Expression, 
etc. 


Symbol 
that 
can 
be 
described 
in 
the 
name 
field 
must 
be 
undefined 
symbols 
or 
symbols 
already 
defined 
by 
the DEFL 
instruction. 


Except 
the above, 
the 
same 
regulations 
as EQU 
instruction 
apply. 


When 
any 
symbol 
that 
has 
been 
defined 
by 
the 
DEFL 
instruction 
is 


referred 
by 
the 
operand 
of 
other 
instruction, 
that 
symbol 
must 
have 


been 
defined 
before 
the 
said 
reference 
is made. 


The 
name 
field 
and 
the 
operating 
code 
field 
must 
be 
delimited 
by 
more 
than 
one 
space. 


(Example) 
LABEL 
ADR10 
LABEL 
ADR20 


DEFL 
EQU 
DEFL 
EQU 


10 
LABEL 
20 
LABEL 


As 
different 
values 
have 
been 
set 
to 
the 
same 
symbol 
in 
(a) 
and 
(b), 
in 
the 
EQU 
statement 
where 
symbols 
"ADR10" 
and 
"ADR20" 
are 
descirbed, 
a 


value 
of 
"10" 
is 
defined 
for 
symbol 
"ADRIO" 
and 
"20" 
is 
defined 
for 
symbol 
"ADR20" 
even 
when 
the 
same 
symbol 
"LABEL" 
is 
described 
in 
the 
operand 
field. 


5.2--Data 
definition 
instructions 
The 
following 
instructions 
are 


memory 
area: 
DEFB 
DC 
DEFW 


One 
byte 
dta 
definition 
A 
special 
character 
string 
definition 
Two 
byte 
data 
definition 


(1) 
DEFB 
Instruction 
1 byte 
data 
is reserved 
in the memory 
area. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1----------------------------- 
{Symbol:{:}) 
1 
DEFB 
1 
Constant, 
Character 


I 
1 
string, 
Expression, 
etc. 


Value 
of 
constant, 
expression, 
etc. 
defined 
in 
the 
operand 
field 
are 
reserved 
as 
one 
byte 
dta 
in 
successive 
memory 
locations 
beginning 
with 
the address 
shown 
by 
the current 
location 
counter. 


Values 
to be 
defined 
in the operand 
field 
must 
be one 
byte 
(all 
bits 
of 
the high 
order 
byte 
should 
be 0 or 
I). 


The 
operand 
field 
is delimited 
by 
a 
comma 
(,) 
and 
as 
many 
operands 
as 
desired 
can 
be 
described 
within 
on 
eline. 
Each 
of 
these 
operands 
successively 
is 
reserved 
as 
one 
byte 
value 
in 
successive 
memory 
locations. 
Two 
commas 
(,) cannot 
be 
described 
successively 
in 
the operand 
filed. 


When 
a 
character 
string 
is 
described 
in 
the 
operand 
field, 
one 
character 
is reserved 
as one 
byte 
value 
in ASCII 
code. 


Character 
constants 
in 
more 
than 
3 
characters 
connot 
be 
used 
in 
any 
expressons 
in the operand 
field. 


Any 
symbol 
in the name 
field 
can 
be omitted. 
If a symbol 
is described, 
the 
first 
address 
reserved 
by 
this 
statement 
is 
defined 
as 
the 
symbol 
va 1ue. 


(Example) 
CONSTl 
EQU 
1234H 


CONST2 
DEFB 
3 
(a) 


DEFB 
CONSTI 
AND 
OFFH 
(b) 


CONST3 
EQU 
5678H 
DEFB 
56H, 10,15 
(c) 


DEFB 
CONST3-2 
AND 
OFFH 
(d) 


DEFB 
-I MOD 
256D,(-32768D) 
MOD 
256D 
(e) 


DEFB 
"ABeD" 
(0 


DEFB 
'E I, IF', 
'G' 
(g) 


(a) 
An 
one byte 
memory 
area 
is reserved, 
and 
constant 
3 is reserved 
in that 
memory 
area. 
Further, 
address 
where 
the 
constant 
is 
reserved 
15 


defined 
for 
symbol 
CONST2 
as 
its value. 


(b) 
A value 
34H 
shown 
by 
the 
low 
oder 
8 bits 
of 
a value 
1234H 
expressed 
1n 
2 bites 
defined 
in symbol 
CONSTI 
is reserved 
in the memory 
area. 


If 
symbol 
CONSTI 
only 
is described 
in the operand 
field, 
it is regarded 
that 
two 
byte 
data 
has 
been 
specified 
and 
an 
error 
is generated. 


(c) 
As 
there 
are 
three 
operands 
described 
in 
the 
operand 
field, 
a 
3 
byte 
memory 
area 
is 
reserved. 
Hexadecimal 
constants 
56H, 
OAH 
and 
OFH 
are 
reserved 
in successive 
3 byte 
memory 
locations. 


(d) 
Hexadecimal 
data 
76H 
shown 
by 
the 
low 
order 
8 
bits 
of 
a 
value 
5676H 
which 
was 
obtained 
by 
subtracting 
2 
from 
a value 
5678H 
shown 
by 
CONST3 
is 
reserved 
in 
the 
memory 
area. 


(e) 
A 2 byte 
memory 
area 
is reserved 
and 
as a result 
of 
calculation 
of 
each 
expression, 
the 
content 
(FFH) 
of 
the 
low 
order 
8 
bits 
of 
hexadecimal 
data 
FFFFH, 
which 
is 
-1 
expressed 
in 
two's 
complement 
and 
OOH 
are 
reserved 
in 
the 
memory 
area. 


(f) 
A 4 byte 
memory 
area 
is 
reserved, 
and 
starting 
from 
the 
first 
address, 
constants 
41H, 
42H, 
43H 
and 
44H, 
which 
are 
"All) 
"B", 
lie II 
and 
"0" 


expressed 
in ASCII 
code, 
are 
reserved 
in the memory 
area. 


(g) 
A 3 byte 
memory 
area 
is 
reserved, 
and 
45H, 
46H 
AND 
47H, 
which 
are 
"E", 


"F" 
AND 
IIG" 
expressed 
in 
ASCII 
code, 
are 
reserved 
in 
the 
memory 
area 


beginning 
with 
the 
first 
address. 


ASCII 
codes 
for 
characters 
ln 
a 
character 
string 
are 
stored 
ln 
successive 
locations 
shown 
by 
the current 
location 
counter. 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
----------------1----------------------1-------------------- 


{Symbol:{:}} 
1 
DC 
I 
Character 
string 


Character 
in a character 
stirng 
are 
stored 
in order 
of appearance, 
each 
as 
a 
one-byte 
val ue 
with 
the 
highest 
order 
bit 
set 
to 
zero 
in 
ASCII 
code. 
However, 
1 is set 
to the highest 
order 
bit 
of 
the 
last 
character 
of a character 
string 
enclosed 
with 
the quotation 
mark 
('). 
When 
defined 
using 
DEFB 
instruction, 
all 
charactgers 
in 
a 
character 
string 
are 
stored 
in ASCII 
code 
with 
the highest 
order 
bit 
set 
to zero. 
The 
operand 
field 
is delimited 
by a comma 
(,), 
and 
character 
strings 
as 
many 
as 
desired 
can be 
described 
if they 
are 
within 
one 
line. 
1 is 
set 
to the highest 
order 
bit 
of 
the 
last 
character 
in each 
character 
string 
delimited 
by a comma 
(,). 
An 
error 
will 
occurr 
if 
the 
operand 
field 
is a null 
character, 
numeric 


value 
or 
expression. 
Any 
symbol 
in 
the name 
field 
can 
be omitted. 


the 
first 
address 
in the memory 
area 
reserved 


defined 
as 
the 
symbol 
value. 


If a symbol 
is described, 


by 
this 
statement 
will 
be 


DC 
DEFB 
DC 


'ABC' 
'ABC' 


I DEFG 
I , • HIJ 
I , I KL I 


{a) 
A 3 byte 
memory 
area 
is 
reserved, 
and 
constants 
4lH 
and 
42H, 
which 
are 
"A" 
and 
IIB1' 
expressed 
in 
ASCII 
code 
and 
constant 
C3H, 
which 
is 
llell 


expressed 
ln 
ASCII 
code 
with 
the 
highest 
order 
bit 
set 
to 
l, 
are 
reserved 
ln 
the 
memory 
area, 
beginning 
with 
the 
first 
address. 
Further, 
the 
first 
address 
where 
the 
constant 
is 
reserved 
is 
defined 
for 
symbol 
CONSTI 
as 
its value. 


(b) 
A 3 byte 
memory 
area 
is reserved, 
and 
constants 
4lH, 
42H 
and 
43H, 
which 
are 
"AIl, 
"B" 
and 
"e" 
expressed 
in 
ASCII 
code) 
are 
reserved 
in 
the 
memory 
area, 
beginning 
with 
the 
first 
address. 
(c) 
A 9 byte 
memory 
area 
is reserved, 
and 
constants 
of "D" 
to "L" 
expressed 
in 
ASCII 
code 
are 
stored, 
beginning 
with 
the 
first 
address. 
In 
this 
case, 
however, 
the 
highest 
order 
bit 
of ASCII 
code 
expressing 
"C", "J" 
and 
"L", 
only 
is set 
to 
1. 
As 
a 
result, 
constants 
44H, 
45H, 
46H, 
C7H, 
48, 
49H, 
CAH, 
4BH, 
and 
CCH 
are 
reserved 
in the memory 
area. 


(3) 
DEFW 
Instruction 


2 byte 
data 
is reserved 
in the memory 
area. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1----------------------------- 
{Symbol:{:}} 
1 
DEFW 
I 
Symbol, 
Constant, 
Character 


1 
I 
string, 
Expression, 
etc. 


2 
byte 
data 
expressed 
by 


constant, 
ete. 
defined 
in 


memory 
locations 
starting 
counter. 
Values 
of 
operand 
expressed 
in 
2 
bytes 
are 
stored 
low 
order 
byte 
first, 
then 
hith 
order 
byte 
in 
the 
memory 
area. 
Operands 
can 
be 
described 
as 
many 
as 
desired 
in 
the 
operand 
field 
by 


delimiting 
with 
a 
comma ( ,) 
if 
they 
are 
within 
one 
line. 
They 
are 


successively 
reserved 
as 
2 byte 
constants 
in 
successive 
memory 
area. 
Two 
commas 
cannot 
be 
described 
successively 
in 
the 
operand 
field. 
A 
symbol 
that 
is 
defined 
after 
this 
statement 
can 
be 
described 
in 
the 


operand 
field. 
However, 
external 
reference 
symbols 


A 
character 
string 
in 
excess 
of 
described 
in 
the 
operand 
field. 
Any 
symbol 
in 
the 
name 
field 
can 
be 
omitted. 
If 
a 
symbol 
is 
described, 


the 
first 
address 
reserved 
in 
the 
memory 
area 
by 
this 
statement 
is 


defined 
as 
its 
value. 


low 
order 
16 
bits 
of 
its 
val ue 
such 
as 


the 
operand 
field 
are 
stored 
in 
successive 


from 
address 
shown 
by 
the 
current 
location 


cannot 
be 
used. 


2 
bytes 
(2 
characters) 


(Example) 
CaNST 1: 
DEFW 
3 
(a) 


DEFW 
CONSTl 
(b) 


DEFW 
CONST3 
(c) 


CONST2: 
DEFW 
04567H,10,255 
(d) 


DEFW 
CONST2-1 
(e) 


DEFW 
-2 
(f) 


DEFW 
'AB', 
lCD' 
(g) 
CONST3 
EQU 
1234H 


A 
2 
byte 
memory 
area 
reserved 
in 
the 
memory 
constant 
03 
is 
stored 
is 


is 
reserved, 
and 
hexadesimal 
data 
03,00 
is 


a rea. 
Further, 
address 
in 
wh ich 
hexadec 
ima 1 
defined 
for 
symbol 
CONSTI 
as 
its 
value. 


CONSTI 


I 
I 


address 


(b) 
A 
value 
expressed 
in 
2 
byte 
defined 
for 
symbol 
CaNST 1 
is 
reserved 
in 
the 
2 byts 
memory 
area. 


If 
the 
symbol 
CONSTI 
is 
defined 
as 
a 
hexadecimal 
value 
123, 
the 


constant 
123H 
is 
stored 
in 
memory 
area 
as 
following 
: 


(c) 
A 2 byte value 
1234H defined 
for CONST3 after 
this statement 
is stored 


in the 2 byte memory area. 


(d) 
As 3 operands 
are described 
in the operand 
fild, a 6 byte memory 
area 


is 
reserved 
and 
the 
first 
address 
~s 
defined 
as 
a 
value 
of 
symbol 
CONST2. 
If 
the 
first 
address 
is 
hexadecimal 
125, 
respective 
constants 
are 


reserved as follows 
: 


CONST2 
I 
I 
Address 
125H 


(e) 
In the example 
(d), it is shown that hexadecimal 
address 
125H has been 
defined 
for CONST2 
as 
its value. 
When 
this 
is 
utilized, 
a 
value 
of 
124H, minus 
1 
from hexadecimal 
data 
125H, 
is reserved 
in 
the 
2 
byte 


memory area. 


(f) 
A 2 byte memory 
area 
is reserved, and -2 expressed 
in two's complement 
(FFFEH) is stored in the memory area. 


(g) 
Memory 
areas 
for 
4 
bytes 
are 
reserved 
and 
values 
of 
"AB" 
and 
"CD" 


expressed 
in ASCII code are stored in these memory areas. 


5.3 
Memory Reserving 
Instruction 
There is the following instruction 
for reserving memory areas 
DEFS •.•• For reserving memory areas 


Name field 
I Operating 
code field I 
Operand 
field 
--------------1----------------------1----------------------------- 


{Symbol:{:}} 
I 
DEFS 
I 
Memory reserving 
number 


1 
I 
{,Initialization 
value} 


Number of memory areas specified memory 
reserving number in the operand 
field is reserved. 
Further, 
if initialization value is specified, this 


initialization 
value 
is entered 
in 
the 
reserved 
memory 
areas. 
Symbol, 
character 
string, 
constant 
and 
expression 
can 
be 
used 
for 
memory 
reserving 
number 
in 
the 
operand 
field. 
Evaluation 
of 
these 


symbol, constant, 
etc. must 
be 
one 
byte. 
Further, 
a 
charcter 
string 


must be enclosed with quotation 
marks. 
An initialization 
value may 
be 
omitted. 
In describing 
an 
initialization 
value, 
it must 
be delimited 


by a comma (,) from memory reserving number. 
External 
reference 
symbols 
cannot 
be 
used 
as 
memory 
reserving 
number 
and initialization value. 
If 
the 
result 
of 
evaluation 
generated. 
Symbols, 
etc. 
relocatable 
values, 
but 
they 
change when linked. 
Symbols used in the operand field must be previously defined. 
If an initialization value is omitted in the operand field, the content 
of 
the 
memory 
area 
reserved 
by 
DEFS 
instruction 
is 
indefinite. 


However, 
if the 1M 
switch 
is used 
in inputting 
any 
assembler 
command, 


the memory 
areas 
reserved 
by 
DEFS 
instruction 
are 
all 
initialized 
to 


00. 
Refer to 8.3 MACRO-80 Macro Assembler. 
Any 
symbol in the name field can be omitted. 
If a symbol 
the first address 
of the reserved memory 
area is defined 
value. 


of 
operand 
is not 
absolute, 
an 
error 
is 


used 
as 
initialization 
values 
may 
be 


nust be values when 
assembled 
and 
do not 


is described, 
as the symbol 


(Example) 
MEMO: 
DEFS 
10 
(a) 
WORK 1: 
DEFS 
5 
(b) 
C10 
EQU 
10 
DEFS 
CIO 
(c) 
DEFS 
10,3 
(d) 


MAC80-65 


(a) 
Memory 
area 
for 
10 
bytes 
is 
reserved, 
and 
its 
first 
address 
is 
defined 
as 
a 
va Iue 
of 
symbol 
MEMO. 


(b) 
Memory 
area 
for 
5 
bytes 
is 
reserved, 
and 
its 
first 
address 
is 
defined 


as 
a 
value 
of 
symbol 
WORKI. 
(c) 
As 
a 
value 
of 
10 
has 
been 
defined 
for 
symbol 
ClO 
immediately 
before 


this 
statement, 
memory 
area 
for 
10 
bytes 
equivalent 
to 
size 
of 
the 
value 
defined 
for 
symbol 
CIO 
is 
reserved. 


(d) 
Memory 
area 
for 
10 
bytes 
is 
reserved, 
and 
03 
is 
entered 
in 
all 
of 
the 


reserved 
memory 
area. 


5.4 
Location 
counter 
control 
instructions 
There 
are 
the 
following 
four 
types 
of 
location 
counter 
modes: 


Absolute 
mode 
This 
is 
the 
unrelocatable 
mode 
that 
is 
assembled 
using 
location 
counter 


requiring 
no 
relocation. 
Code 
in 
this 
mode 
is 
assigned 
to 
absolute 


code 
segment 
in 
order 
to 
locate 
at 
specific 
memory 
addresses. 
Code 
relocatable 
mode 
This 
is 
the 
relocatable 
mode 
that 
is 
assembled 
using 
the 
location 


counter 
of 
the 
code 
relocatable 
segment. 
This 
location 
counter 
is 
used 


for 
program 
par tions 
tha t 
wi 11 
not 
be 
changed 
and 
there fore 
can 
be 


loaded 
into 
ROM 
or 
EPROM. 
Data 
relocatable 
mode 
This 
is 
the 
relocatable 
mode 
that 
is 
assembled 
using 
the 
location 
counter 
of 
the 
data 
relocatable 
segment. 
This 
location 
counter 
is 
used 


for 
data 
portins 
that 
may 
be 
changed 
and 
therefore 
must 
be 
loaded 
into 


RAM. 
Common 
mode 
This 
is 
the 
relocatable 
mode 
that 
is 
assembled 
using 
the 
location 


counter 
in 
the 
common 
data 
area. 
This 
mode 
is 
used 
when 
it 
is 


desirable 
to 
commonly 
use 
a 
certain 
data 
area 
by 
modules. 
Thus, 
it 
is 
possible 
in 
this 
assembler 
to 
create 
both 
absolute 


andrelocatable 
object. 


Further, 
it 
is 
possible 
to 
assemble 
within 
one 
module. 
The 
function 
instruction 
is 
relative 
to 
control 


program 
likage. 
Following 
6 
location 
counter 
control 
instructions 
are 
available 
for 
this 


assembler: 


ASEG 
CSEG 
DSEG 
COMMON 
ORG 
.PHASE 


a 
program 
in 
different 
modes 
even 
of 
the 
location 
counter 
control 
of 
the 
location 
counter 
and 
the 


Designation 
Designation 
Designation 
Designation 
Setting 
the 


of 
absolute 
segment 
of 
code 
segment 
of 
data 
segment 


of 
common 
area 
value 
of 
a 
location 


•DEPHASE 
When 
the 
segment 
is 
not 
specified 
at 
the 
begining 
of 
program, 
the 
program 
is 
assembled 
as 
being 
specification 
of 
CSEG. 


ASEG 
Instruction 
ASEG 
instruction 


data 
after 
ASEG 
location 
counter. 


is 
given 
to 
the 
assembler 
to 
assemble 
instructions 
and 


instruction 
to 
an 
absolute 
module 
using 
the 
ASEG 


1 


Name field 
1 
Operating 
code field 
I 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol:{:}} 
I 
ASEG 
1 
Blank 


1 
1 


ASEG 
instruction 
is 
an 
instruction 
to 
specify 
the 
absolute 
module 
by 
setting 
absolute 
segment 
addresses 


counter. 
This 
specification 
is 
valid 
until 
CSEG, 
instruction 
is 
inserted. 


Any symbol in the name field can be omitted. 
If a symbol is described, 
a 
location 
counter 
value 
of 
the 
segment, 
which 
is 
immediately 
before 


renewed 
by 
this 
instruction, 
is 
defined 
as 
the 
symbol 
value. 
This 


instruction 
can be described as many times as desired in a program or a 


program 
module. 
Whenever 
this 
instruction 
appeares, 
ASEG 
location 


counter 
is used for assembling 
it. 


An 
initial 
value 
of 
ASEG 
location 
counter 
is 
defined 
to 
zero 
(0), 


which, however, may be changed by ORG instruciton. 


creation 
of 
an 
in 
the 
location 
OSEG 
or 
COMMON 


(2) 
CSEG Instruction 
CSEG 
instruction 
is an instruction 
given 
to the assembler 
to assemble 


instruction 
and 
data 
after 
CSEG 
instruction 
to 
an 
relocatable 
module 


using CSEG location counter. 


1 


Name field 
I 
Operating 
code field 
1 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol:{:}} 
1 
CSEG 
I 
Blank 


1 
1 


CSEG 
instruction 
specifies 
to 
set 
the 
address 
of 
code 
relocatable 
segment of memory 
in the location counter. 
This specification 
is valid 


until ASEG, 
OSEG or COMMON 
instruction 
is inserted. 
In general, 
CSEG 


location counter 
is used 
for such program 
portions 
to be allocated 
to 


ROM area as machine 
instructions and program constants. 
Any symbol in the name field can be omitted. 
If a symbol is described, 
a 
value 
of 
the 
location 
counter 
of 
the 
segment 
immediately 
before 


change by this instruction 
is defined as the symbol value. 


This 
instruction can be descirbed as many times as desired 
in a program 
or a program module. 
whenever 
this instruction appears, 
CSEG 
location 
counter is used for assembling 
it. 
An 
initial 
value 
of 
CSEG 
location 
counter 
is 
defined 
to 
zero 
(0), 


which, however, may be chaged by ORG instruction. 


(3) 
OSEG Instruction 
DSEG 
instruction 
is an 
instruction 
given 
to the assembler 
to assemble 
instructions 
and 
data after 
DSEG 
instruction 
to an 
relocatable 
module 


using DSEG location counter. 


1 


Name field 
I 
Operating 
code field 
1 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol:{:}} 
1 
DSEG 
I 
Blank 


I 
I 


DSEG 
instruction 
specifies 
to 
set 
the 
address 
of 
data 
relocatable 
segment of memory 
in the location counter. 
This specification 
is valid 


until ASEG, CSEG 
or COMMON 
instruction 
is inserted. 
In general, 
DSEG 
location counter 
is used 
for program 
portions 
that are 
required 
to be 
allocated 
to RAM area. 


Any symbol in the name field can be omitted. 
If a symbol is described, 
a 
va!ue 
of 
the 
location 
counter 
of 
the 
segment 
immediately 
before 
change by this instruction 
is defined as the symbol value. 
This instruction 
can be described as many times as desired in a program 
or a program module. 
Whenever 
this instruction 
appears, 
DSEG location 
counter 
is used for assembling it. 


An 
initial 
value 
of 
DSEG 
location 
counter 
is 
defined 
to 
zero 
(0), 


which, however, may be cahnged by ORG instruction. 


(4) 
COMMON Instruction 
COMMON 
instruction 
instructs 
the 
assembler 
to 
assemble 
data 
areas 


following 
this instruction 
to a 
relocatable 
module 
using 
the 
location 
counter of the designated common block. 


1 
Name field 
1 Operating 
code field 
1 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol:{ :}} 
1 
COMMON 
1 
/ {Block name}/ 


1 
1 


COMMON instruction 
specifies 
to create a common data area by setting a 
address 
of block with 
a block 
name 
specified 
in 
the 
operand 
field 
in 


the location counter. 
One common block is valid until ASEG, CSEG, DSEG 
or next COMMON instruction 
is inserted. 


COMMON 
instruction 
is used 
for 
program 
portions 
that 
are 
required 
to 


reserve data area which 
is allocated 
to RAM 
area 
and commonly 
used by 


different modules. 
In 
general, 
such 
assembler 
instructions 
for 
reserving 
areas 
by 
allocating data as DEFB, DEFW or DC, not machine 
instructions, 
are used 


for statements 
in the common block. 
If 
a 
block 
nanme 
is 
omitted, 
the, block 
is 
identified 
to 
be 
a 
blank 


common block. 
Length of a common area is number of bytes required for containing data 
defined in that common block. 
If 
common 
blocks 
carrying 
the 
same 
name 
are 
in 
different 
lengths, 
a 


program module 
containing 
a 
common block 
having 
the longest 
area must 


be first loaded. 
For 
the link load, refer 
to 8.4 LINK-80 
Link Loader, 


desdribed 
later. 


Any symbol in the name filed can be omitted. 
If a symbol is described, 


a 
value 
of 
the 
location 
counter 
of 
the 
segment 
immediately 
before 


change by this instruction is defined as the symbol value. 


This instruction can be described as many 
or 
a 
program 
module. 
Whenever 
this 
assembled 
using 
the 
location 
counter 
of 
each block name. 
The initial value of a 
to be zero (0), which, 


times as desired 
in a program 


instruction 
appears, 
it 
is 


a 
common 
block 
specified 
by 


location counter of each common blcok is defined 
however, may be changed by ORG instruction. 


(Example) 
Program Module A 
COMMON 
/DATABIN/ 
(a) 
ANVILA: 
DEFB 
OFFH 
-I 


DEFW 
l234H 
1 
DC 
'FORGE' 
I 
(b) 
DEFS 
2 
I 
CSEG 
I 


Program Module B 
COMMON 
ANVILB: 
DEFB 
DEFW 
DEFS 
CSEG 


/DATABIN/ 
'ABCDE' 
5678H 
3 


(a) 
DATABIN as a common block name commonly used by Program Module 
A and B 


are declared. 


(b) 
10 bytes are reserved as data 
When 
Program 
Modules 
A 
and 
allocated 
to the same memory 
defined to the same value. 
To initialize 
the common data area, 
it is necessary 
to define 
the same 


value 
at 
the 
common 
block 
of 
the 
modules 
or 
lastly 
load 
the 
module 


having a defined initial value. 


area for both modules. 
B 
are 
link 
loaded, 
the 
10 
bytes 


area, 
and 
symbols 
ANVILA 
and 
ANVILB 


(5) 
ORG Instruction 
This instruction 
sets the value of a location counter. 


Name field 
1 
Operating 
code field 
1 
Operand 
field 


--------------1----------------------1------------------------ 


{Symbol:{:}} 
I 
ORG 
1 
Symbol, Constant, 


1 
1 
Expression, 
etc. 


When 
this 
instruction 
apperars, 
the 
content 
of 
the 
currently 
valid 
location counter is updated to the value 
shown in the operand 
field. 
External 
reference 
symbols 
cannot 
be 
included 
in 
expression, 
etc. 


described 
in the operand 
field. 
Further, when any user defined 
symbol 


1S 
referred 
to, 
it 
must 
have 
been 
defined 
before 
the 
said 
ORG 


instruction. 
When 
relocateable 
values 
(symbols) 
are referred to, they must have the 
ORG 
of 
CSEG, 
DSEG 
or 
COMMON 
are 
segment 
in 
the 
same 
program 
module 
address of the same common block. 


in 
the operand 
of 
ORG 
instruction 


same segment attribute. 
relative 
and 
merely 
indicate 
its 


or 
displacement 
from 
the 
starting 


Any 
symbol 
in 
the 
name 
field 
can 
be 
omitted. 
If 
a 
symbol 
is 
described, 
a value 
of 
the 
location 
counter 
immediately 
before 
updating 
by 
the 
said 
ORC 
statement 
is 
defined 
as 
the 
symbol 
value. 


(6) 
.PHASE 
Instruction 
and 
.DEPHASE 
Instruction 


These 
instructions 
allow 
object 
code 
to 
be 
allocated 
in 
one 
area, 
but 
executed 
in 
a 
different 
area. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 


--------------1----------------------1------------------------ 
{Symbol:{:}} 
I 
.PHASH 
1 
I 
I 


Symbol, 
Constant, 


Expression, 
ete. 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1------------------------ 


{Symbol:{:)} 
1 
.DEPHASE 
1 
Blank 


I 
1 


These 
instructions 
are 
always 
used 
in 
a 
pair. 
The 
group 
of 
statements 
between 
.PHASE 
statement 
and 
.DEPHASE 
statement 
is 
called 
the 
pahse 
block. 
The 
phase 
block, 
when 
assmebled 
and 
loaded, 
is 
located 
in 
the 
currently 
allocating 
area, 
but 
can 
be 
executed 
by 
moving 
to 
a 
address 
of 
the 
operand 
value 
of 
.PHASE 
statement. 
A 
value 
of 
a 
symbol 
in 
the 
phase 
block 
is 
defined 
as 
an 
absolute 
value 
shown 
by 
the 
location 
counter 
of 
the 
phase 
block. 
When 
the 
phase 
block 
is 
merely 
prepared, 
it 
is 
only 
executed 
following 
a 
just 
before 
program. 
To 
effectively 
use 
the 
phase 
block 
it 
is 
necessary 
to 
transfer 
the 
phase 
block 
in 
a 
program 
to 
an 
area 
beginning 
with 
the 
absolute 
address 
shown 
by 
the 
operand 
val ue 
of 
.PAHSE 
statement 
in 
RAM 
area. 
For 
example, 
there 
is 
such 
a 
method 
in 
which 
the 
instruction 
in 
the 
phase 
blcok 
is 
executed 
thereafter 
by 
the 
jump 
or 
call 
instruction 
and 
is 
returned 
into 
the 
original 
area 
by 
the 
jump 
or 
return 
instruction 
in 
the 
phase 
block. 
The 
operand 
value 
of 
.PHASE 
statement 
must 
be 
an 
absolute 
value. 
Any 
symbol 
in 
the 
name 
field 
can 
be 
omitted. 
If 
a 
symbol 
is 
described, 
the 
value 
of 
the 
current 
location 
counter 
is 
allocated 
to 
the 
symbol 
in 
.PHASE 
statement 
and 
the 
val ue 
of 
the 
location 
counter 
in 
the 
pahse 
block 
is 
allocated 
to 
the 
symbol 
in 
.DEPHASE 
statement. 


These 
instruction 
can 
be 
described 
as 
many 
times 
as 
desired 
in 
a 
program 
or 
a 
program 
module. 
whenever 
these 
instructions 
appear, 
the 
phase 
block 
is 
created. 


LD 
LD 
LD 
LDIR 


DE,IOOOH 
HL,PHS 
BC,BAZ+I-IOOOH 


CALL 
JP 
.PHASE 


FOO 
ZOO 
IOOOH 


'$ , 


NZ,BAZ 
B,A 


CP 
JP 
LD 
RET 
.DEPHASE 
JP 


(a) 
The 
phase 
block 
1S 
transferred 
to a 
location 
1n 
RAM 
area 
after 
address 
1000H. 
(b) 
The 
transferred 
phase 
block 
is called. 


(c) 
Start 
of 
the phase 
block 
definition 
is specified. 
The 
top address 
will 
be 
1000H. 
A value 
of 
the 
location 
counter 
of 
the 
currently 
allocating 
segment 
is defined 
for Symbol 
PHS. 


(d) 
This 
is 
the 
defined 
phase 
block. 
The 
location 
counter 
value 
(an 
absolute 
value 
from 
address 
1000H) 
of 
the 
phase 
block 
is output 
to 
the 
lcoation 
of 
the assemble 
list. 
1000H 
and 
1006H, 
absolute 
values 
of 
the 
pahse 
block 
locaation 
counters 
are 
defiend 
for 
symbols 
FOO 
and 
BAZ. 
If 
the phase 
block 
is not 
declared, 
values 
of 
the 
location 
counters 
fo the 
currently 
allocated 
segment 
are merely 
defined 
for 
these 
symbols. 
The 
phase 
block 
is 
loaded 
in 
the 
area 
after 
JP 
ZOO. 
Therefore, 
the 
location 
counter 
of 
the 
currently 
allocated 
segment 
also 
counts 
codes 
in 
the 
phase 
block. 
At 
the 
time 
of 
execution, 
the 
phase 
block 
is 
allocated 
in 
area 
after 
address 
1000H 
by 
processing 
of 
block 
transfer 
and 
is executed. 


(e) 
The 
end 
of 
phase 
blcok 
definition 
is 
specified. 


5.5 
Instructions 
relative 
to linkage 
For 
the 
characteristics 
of 
programming 
and 
relocation 
in 
module 
format, 
it is 
possible 
to 
individually 
assemble 
and 
test 
each 
program 
module 
and 
then, 
edit 
them 
as 
one 
program. 
For 
this 
purpose, 
it must 
be 
possible 
to 
exchange 
information 
among 
program 
modules. 


To meet 
these 
requirements, 
3 assembler 
instructions 
are 
available. 
These 
instructions 
are 
used 
when 
the 
referencing 
symbols 
in 
a 
program 
defined 
by 
another 
program 
or vice 
versa 
is authorized. 
GLOBAL 
Declaration 
of 
symbols 
authorizing 
reference 
from 
other 
programs. 


EXTERNAL 
Declaration 
of 
referencing 
symbols 
defined 
in 
other 
programs • 


•REQUEST 
Request 
for 
searching 
undefined 
symbols 
from 
other 
files. 


(1) 
GLOBAL 
Instruction 


GLOBAL 
instruction 
is a declaring 
instruction 
which 
other 
programs 
are 
allowed 
to make 
reference 
to the 
symboles 
defined 
in a program. 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1------------------------ 


{Symbo I :{ :}} 
I 
GLOBAL 
1 
Name 
lis t 


1 
1 


Symbols 
out 
of 
those 
defined 
in a program, 
which 
allow 
referencing 
from 


other 
programs, 
are 
described 
by 
delimitting 
with 
a 
comma 
(,) 
in 
the 


operand 
field. 
It 
is not 
possible 
to make 
GLOBAL 
declaration 
for 
common 
block 
name 
or 
for 
symbol 
which 
either 
EXTERNAL 
or 
LOCAL 
declaration 
has 
been 
already 
made. 
This 
instruction 
can 
be placed 
in optional 
locations 
in a program. 


A 
symbl 
for 
which 
GLOBAL 
declaration 
is 
made 
must 
be 
defined 
in 
that 


program. 
Any 
symbol 
in the 
name 
field 
can be 
omitted. 
If a symbol 
is described, 
a 
value 
of 
the 
location 
counter 
of 
the 
segment 
at 
the 
time 
is 
defined 
as 
the 
symbol 
value. 
Without 
using 
this 
instruction, 
it is possible 
to declare 
that 
a symbol 
at 
a 
location 
where 
it 
is 
to 
be 
defined 
is 
a 
GLOBAL 
symbol 
by 
adding 
two colons 
immediately 
after 
the 
symbol. 
However, 
if this 
symbol 
is 
to 


be defined 
by 
EQU 
or 
DEFL 
instruction, 
this 
method 
cannot 
be 
used. 


EXTERNAL 
Instruction 
EXTERNAL 
instruction 
is 
a 
(external 
names) 
which 
have 
other 
program. 


declaring 
instruction 
to 


been 
declared 
by 
GLOBAL 
refer 
symbols 


instruction 
in 


I 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1------------------------ 


{Symbol:{:}} 
I 
EXTERNAL 
1 
Name 
list 


1 
I 


External 
names 
which 
are 
referred 
by 
this 
instruction 
are 
described 
by 


delimiting 
by 
a comma 
(,) in 
the operand 
field. 
Even 
when 
the external 
names 
described 
in 
the 
operand 
field 
are 
not 
referred 
to 
in a program, 


no 
error 
is 
generated 
but 
if 
there 
is 
no 
GLOBAL 
declaration 
in 
other 
program, 
an 
error 
is generated 
when 
the programes 
is linked. 


It 
is 
not 
possible 
to 
give 
GLOBAL 
or 
LOCAL 
attribute 
to 
a 
symbol 
specified 
by 
this 
instruction 
or 
to use 
that 
symbol 
for 
a 
common 
block 


name. 
Any 
symbol 
specified 
by 
this 
instruction 
cannot 
be 
defined 
in 
that 
program. 
This 
instruction 
can 
be placed 
in optional 
location 
in a program. 
Any 
symbol 
specified 
by 
this 
instruction 
becomes 
automatically 
a 


relocatable 
numerical 
term. 
Any 
symbol 
in the name 
field 
can 
be 
omitted. 
If a symbol 
is described, 


a value 
of 
the 
location 
counter 
of 
the 
segment 
is defined 
as 
the 
symbol 
value. 
It 
is 
also 
possible 
to 
declare, 
whitout 
using 
this 
instruction, 
a 


symbol 
to 
be 
an 
external 
reference 
symbol 
by 
adding 
"Iftl" 
immediately 


after 
it at a location 
where 
the 
symbol 
is 
to be 
referred 
to . 


•REQUEST 
Instruction 


.REQUEST 
instruction 
is 
an 
instruction 


specified 
files 
for 
undefined 
external 


corresponding 
GLOBAL 
declaration 
,when 
the 


requesting 
to 
search 
the 


reference 
symbols 
without 


linking 
is executed. 


1 
Name 
field 
I Operating 
code 
field 
I 
Operand 
field 


--------------1----------------------1------------------------ 
{Symbol:{:}} 
I 
.REQUEST 
I 
Filename 
list 
I 
I 


If 
.REQUEST 
instruction 
is 
specified 
to 
either 
one 
of 
link 
loaded 
programs 
at 
time 
of 
the 
execution 
of 
LINK-SO 
link 
loader, 
a 
GLOBAL 
symbol 
coresponding 
to the undefined 
external 
reference 
symbol 
is found 
out 
of 
the 
files 
specified 
in 
the 
operand 
field 
of 
.REQUEST 


instruction. 
When 
the 
end 
of 
linking 
is instructed 
by 
the 
switch 
IE 
or 


IG 
specified 
at 
the 
linking, 
a file 
containing 
the corresponding 
global 


symbol 
is loaded 
as 
an additional 
module. 
Filenames 
to 
be 
searched 
during 
the 
linking 
are 
described 
in 
the 
operand 
filed 
by 
delimiting 
by a comma 
(,). 
A 
filename 
is 
specifeid 
in 
the 
form 
of 
"Drive 
Name: 
Main 
Filename 


.Filename 
Extension". 
The 
drive 
name 
and 
filename 
extension 
can 
be 
omitted. 
When 
they 
are 
omitted, 
it 
is 
regarded 
that 
the 
logged 
drive 
has 
been 
specified 
for 
the 
drive 
name 
and 
.REL 
has 
been 
specified 
for 
the 
filename 
extension. 


Any 
symbol 
in 
the name 
field 
can 
be omitted. 
If a symbol 
is described, 


a value 
of 
the 
location 
counter 
of 
the 
segment 
is defined 
as 
the 
symbol 
value. 


Other 
instructions 
There 
are 
following 
other 
instructions: 
.ZSO 
Sepcifies 
the 
assembler 
to 
instruction 
codes. 
END 
Instructs 
the 
assembler 
to 
end 
module. 


(1) 
.ZSO Instruction 
.ZSO 
instruction 
is 
for 
directing 
assembly 
to 
the 
TLCS-ZSO 
Instruction 
code 
to the assembler. 


1 
Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1------------------------ 


{Symbol:{:}} 
1 
.ZSO 
1 
Blank 


I 
1 


This 
instruction 
is always 
to be described 
at 
the 
top of a program. 
Instead 
of 
using 
this 
instruction, 
the 
Iz 
switch 
may 
be 
added 
to 
a 
command 
that 
is to be 
input 
at 
time 
of 
assembly. 
However, 
either 
.ZSO 
instruction 
or Iz 
switch 
must 
be 
used. 
If 
this 
is 
not 
specified, 
the 


TLCS-ZSO 
instruction 
cannot 
be accepted. 


Any 
symbol 
in the name 
field 
may 
be 
omitted. 
If a symbol 
is described, 


a value 
of 
the 
location 
counter 
of 
the 
segment 
is defined 
as 
the 
symbol 
value. 


(2) 
END 
Instruction 
END 
instruction 
is 
for 
directing 
end 
of 
a program 
or 
program 
module 
to 


the assembler. 


I 
Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 


--------------1----------------------1------------------------ 


{Symbol:{:}} 
I 
END 
I 
{Symbol, 
Value, 
Ex- 


I 
1 
pression, 
etc.} 


END 
instruction 
is 
used 
to 
control 
end 
of 
a 
source 
program 
and 
must 
be 


described 
at 
the 
last 
of 
the 
source 
program. 


The 
operand 
val ue 
indicates 
the 
execution 
start 
address 
of 
a 
loaded 
program. 
When 
one 
program 
is 
created 
by 
link 
loading 
several 
program 
modules, 
the 
execution 
start 
address 
of 
the 
program 
is 
normally 
specified, 
and 
a 


module 
containing 
that 
address 
is 
made 
as 
the 
main 
module 
and 
other 


modules 
as 
subroutine 
modules. 
If 
the 
program 
execution 
start 
address 
is 
sepcified 
for 
the 
operand 
value 
of 
END 
statement, 
LINK-BO 
Link 


Loader 
automatica 
lly 
place 
an 
instruction 
to 
jump 
to 
that 
address 
in 
address 
lOOH 
to 
l02H. 
Further, 
COM 
files 
prepared 
using 
LINK-BO 
Link 
Loader 
are 
similarly 
processed. 
If 
the 
execution 
start 
address 
is 
not 
specified, 
the 
IG 
switch 
(the 
program 
execution 
specification 
switch) 
of 
LINK-BO 
Link 
Loader 
is 
not 
actuated. 
Also, 
no 
jump 
instruction 
will 
be 
created 
in 
the 
prepared 
COM 
files. 


As 
other 
means 
to 
specify 
the 
program 
execution 
start 
address, 
there 
are 
"/G:a 
symbol 
showing 
start 
address" 
and 
"/E:a 
symbol 
showing 
start 
address" 
which 
is 
used 
the 
switch 
of 
LINK-BO 
link 
loader. 
These 
means 
are 
used 
to 
load 
plural 
main 
modules. 
For 
details 
refer 
to 
B.3 
LINK-BO 
Link 
Loader. 


To 
transfer 
a 
program 
to 
EPROM 
or 
other 
systems, 
a 
file 
in 
iHEX 
format 
may 
be 
created 
by 
LINK-BO 
Link 
Loader. 
In 
this 
case, 
no 
jump 
instruction 
to 
the 
program 
execution 
start 
address 
sepcified 
in 
END 
s'tatement 
is 
created. 
When 
a 
program 
is 
used 
on 
EPROM, 
it 
lS 
recommended 
to 
program 
according 
to 
circumstances, 
for 
example, 
to 
place 
a 
jump 
instruction 
to 
the 
program 
execution 
start 
address. 


Generally, 
the 
name 
field 
is 
left 
balnk. 
If 
any 
symbol 
is 
described 
In 
the 
name 
field, 
a 
value 
of 
the 
location 
counter 
when 
this 
statement 
appears 
is 
defined 
for 
that 
symbol. 


The 
macro 
function 
is 
useful 
when 
a 
group 
of 
parameters 
only 
change 
in 
a 
program 
is 
used 
several 
function 
allows 
the 
repetitive 
use 
of 
a 
group 
of 
describing 
them 
each 
time 
they 
are 
used. 
This 
function 
allows 
a 
programmer 
to 
save 
time 
and 
labor 
to 
repeatedly 


describe 
the 
same 
group 
of 
instructions. 
Further, 
as 
it 
becomes 
not 


necessary 
in 
the 
debugging 
to 
correct 
the 
same 
errors 
generated 
in 
the 
same 
instruction 
group 
at 
several 
points, 
the 
debugging 
can 
be 
efficiently 


performed. 
There 
are 
two 
kinds 
of 
macros; 
one 
used 
macro 
instruction 
and 
the 
other 


uses 
repetition 
instruction. 
The 
macro 
defined 
by 
macro 
instruction 
is 


expanded 
at 
a 
location 
called 
at 
time 
of 
assemble, 
while 
the 
macro 
defined 


by 
repetition 
instruction 
is 
expanded 
at 
a 
defined 
location. 
Further, 
symbols 
(strings) 
having 
special 
fucntion 
in 
connectin 
with 
the 


macro 
function 
are 
also 
available. 
The 
nesting 
of 
the 
macro 
function 
is 
possible, 
and 
its 
depth 
is 
restricted 


according 
to 
size 
of 
a 
memory 
used. 


instructions 
of 
which 


times. 
That 
is, 
this 


instructions 
without 


6.1 
Macro 
and 
subroutine 
Both 
the 
macro 
and 
subroutine 
are 
used 
when 
the 
same 
instruction 
group 
is 
used 
several 
times 
in 
a 
program. 
Each 
of 
them 
has 
specific 
features 
and 


therefore, 
should 
be 
selectively 
used 
according 
to 
purposes. 


Subroutine 
The 
subroutine 
body 
is 
converted 
into 
machine 
language 
only 
one 
time 
and 


when 
referred 
to, 
severl 
byte 
subroutine 
call 
instruction 
appears 
only 
by 
number 
of 
references. 
Therefore, 
process 
that 
can 
be 
coped 
wi th 
that 
subroutine 
is 
limited 
to 
one 
kind 
but 
efficiency 
of 
memory 
can 
be 


improved. 
Further, 
increased 
efficiency 
in 
program 
design 
and 
creation 
of 
structured 
program 
can 
be 
expected 
by 
creating 
subroutines. 
Macro 
The 
basic 
function 
lies 
on 
substitution 
of 
an 
instruction 
group 
or 
a 
character 
string. 
When 
a 
macro 
call 
is 
detected, 
the 
assembler 
expands 


the 
instruction 
group 
by 
substituting 
dummy 
parameteres 
of 
the 
macro 
body 
defined 
by 
MACRO, 
IRP, 
IRPC 
instructions 
into 
actual 
parameters 
and 
converts 
into 
machine 
language. 
Therefore, 
various 
processes 
are 


feasible 
depending 
upon 
parameters. 
While 
the 
technique 
for 
subroutine 
is 
used 
for 
reducing 
memory 
size 
or 
structuring 
program, 
the 
macro 
is 
used 
for 
improving 
coding 
efficiency 
or 
ease 
of 
program 
read. 


6.2 
Macro 
instruction 
The 
MACRO 
using 
the 
macro 
instruction 
is 
defined 
by 
MACRO 
instruction 
and 
ENDM 
instruction. 
The 
block 
of 
statements 
from 
the 
MACRO 
statement 
line 
ot 
the 
ENDM 
statement 
line 
is 
called 
the 
MACRO 
definition 
block 
(Macro 


body). 
There 
are 
available 
two 
methods 
for 
the 
macro; 
one 
is 
the 
method 
by 


defining 
it 
in 
a 
program 
or 
program 
module 
by 
user 
and 
the 
other 
is 
the 


method 
by 
calling 
the 
macro 
library 
file 
and 
inserting 
it 
into 
a 
program. 


There 
are 
MACRO 
instruction 
and 
assembler 
for defining 
the macro. 


in a pair. 
The procedures 
for using these macro 
instructions are as follows. 


(1) 
Definition of Macro 
A 
series 
of 
statements 
that 
are 
frequently 
used 
is 
defined 
as 
the 
macro. 
The 
macro 
is 
defined 
by 
adding 
MACRO 
instruction 
and 
ENDM 
instruction 
before 
and 
after 
a 
series 
of 
statements 
and 
further, 
by 
describing 
a 
symbol 
(macro 
name) 
in 
the 
name 
field 
of 
MACRO 
instruction. 
When 
necessary, 
a 
dummy 
parameter 
list 
is 
described 
in 
the 
operand 
field of MACRO 
instruction. 


When 
used only 
in the same program, 
the macro 
is defined 
at 
the state 
of 
source 
program. 
Further, 
when 
it 
is 
desirable 
to 
use 
the 
macro 
commonly 
in various 
programs, 
it may 
be 
recommended 
to 
define 
it 
by 
creating an external macro 
file library. 
In either cases 
the macro 
is 
defined on the source program 
or the macro 
library file, the method 
of 
definition 
is the same. 
This macro 
library file is taken in the source 
program by INCLUDE instruction. 
(2) 
Macro 
call 
When 
a 
defined 
macro 
is 
to 
be 
called 
in 
a 
program, 
a 
symbol 
(macro 
name) defined 
in the name field of MACRO 
instructuion must be described 
in the operating code field. 
This description 
(macro call) is just the 
same as the entier macro body is called. 
The macro 
call to the external macro 
library file becomes possible when 
the 
filename 
is given 
to 
the assembler 
by 
INCLUDE 
instruction 
before 
the macro 
is called by a program 
or program module. 
A macro 
that 
is 
contained 
in 
a 
file 
not 
specified 
by 
INCLUDE 
instruction 
cannot 
be 
called. 
(3) 
Expansion 
of macro 
When 
a 
source 
program 
with 
a 
macro 
library 
file 
specified 
or 
macro 
defined 
and macro 
called 
is assembled, 
a 
corresponding 
macro 
body 
is 
inserted 
in 
a 
location 
of 
macro 
name 
and 
converted 
into 
an 
object 
program. 


ENDM 
instruction 
available 
for 
the 
These 
two instructions 
are always 
used 


6.3.1 
Instructions 
relative to Macro 
definition 


In connection 
with 
the macro 
definition, 
the following 
instructions 
are 
available 
for MACRO-80 Macro Assembler: 


MACRO 
Instruction 
Start of macro 
instruction definition 
LOCAL Instruction 
Declaration of localization 
symbol in macro 
EXITM Instruction 
End of macro expansion 


ENDM 
Instruction 
End of macro 
instruction definition 
Macro Call 


(1) 
MACRO Instruction 
This is the instruction 
to indicate start of macro 
instruction. 


I 
I 


Name field 
I Operating 
code field I 
Operand 
field 
--------------1----------------------1--------------------------- 


Symbol 
I 
MACRO 
I 
{Dummy parameter 
list} 
I 
I 


Statements 
between 
MACRO 
statement 
and 
ENDM 
statement 
are 
defined 
to be 


the macro 
body, 
which 
can 
be expanded 
at various 
places 
in a program. 


A 
symbol 
described 
in 
the 
name 
field 
is 
used 
as 
the 
macro 
instruction 
symbol 
when 
the 
macro 
defined 
here 
is 
called. 
The 
macro 
instruction 


symbol 
follows 
the 
same 
describing 
rules 
applicable 
to other 
symbols. 


The 
dummy 
parameter 
list 
is 
described 
as 
necessary 
by 
delimiting 
a 


character 
string 
yb 
a 
a 
comma 
(,). 
(Within 
one 
line) 
Max. 
32 


characters 
are 
allowed 
for 
a 
character 
string 
to 
be 
specified 
for 
a 


dummy 
parameter. 


As 
the 
range 
of 
application 
is 
local 
(effective 
only 
in 
the 
said 
macro 


definition), 
it is not 
necessary 
to take 
care 
of generation 
of multiple 


definition 
with 
a 
symbol 
outside 
the macro 
defintiion. 
Even 
when 
such 


character 
strings 
having 
other 
specific 
purposes 
as 
reserved 
word, 
operating 
code 
and 
operator 
are 
used, 
they 
are 
handled 
as 
dummy 


parameters 
and 
do not 
function 
for 
specified 
purposes. 


(2) 
LOCAL 
Instruction 
This 
instruction 
is 
used 
to 
specify 
that 
a 
symbol 
to 
be 
defined 
when 
the macro 
is expanded 
is local 
(effective 
only 
in the 
said 
macro). 


I 
Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1-------------------- 
B lank 
I 
LOCAL 
I 
Symbol 
{,Symbol •••• } 
I 
I 


This 
instruction 
is 
used 
only 
in 
the 
macro 
block 
defined 
by 
MACRO 


instruction. 
If 
there 
is no entry 
in 
the operand 
field, 
it is regarded 
to be NULL. 


Symbols 
to 
be 
described 
in 
the 
operand 
field 
must 
be 
described 
by 


delimiting 
by 
a 
comma 
(,) 
according 
to 
the 
syntax 
for 
general 
symbol 
description. 
Symbols 
declared 
for 
localization 
are 
converted 
into 
symbols 
within 
the 


range 
from 
" •...0000" 
to 
" ....FFFF" 
in 
the 
assembler. 
Therefore, 
symbols 
in 
the 
form 
of 
" ....nnnn" 
may 
become 
multi-definition 
and 
use 


as a user 
defined 
symbol 
should 
be avoided. 
LOCAL 
instruction 
must 
be 
placed 
before 
its 
symbol 
is 
declard 
in 
the 


micro 
body. 
Dummy 
parameter 
cannot 
be 
declared 
for 
localization. 
(3) 
EXITM 
Instruction 
EXITM 
instruction 
is used 
in 
the macro 
definition 
block 
to instruct 
the 


assembler 
to 
terminate 
the 
expansion. 


I 
Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1-------------------- 


{Symbol: { :}} I 
EXITM 
I 
Blank 


1 
1 


When 
EXITM 
instruction 
is 
assembled, 
the 
expansion 
is 
immediately 


terminated 
and 
the remaining 
expansion 
is not 
generated. 
If 
the containing 
the EXITM 
instruction 
is nested 
within 
another 
block, 


the 
outer 
block 
continues 
to be 
expanded. 


(4) 
ENDM 
Instruction 


This 
instruction 
means 
the 
end 
of 
the 
macro 
definition 
and 
is 
always 
used 
in 
a 
pair 
with 
the 
MACRO 
instruction. 


1 
I 


Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol:{:)} 
I 
ENDM 
I 
Blank 


I 
I 
The 
MACRO 
instruction 
requires 
the 
corresponding 
ENDM 
instruction. 


6.3.2 
(1) 


Macro 
instruction 


Describing 
format 


Macro 
name 


(2) 
Describing 
location 


The 
macro 
definition 
must 
have 
been 
completed 
before 
the 
quotation 
of 
the 
said 
macro 
(macro 
call) 
is 
generated. 
In 
particular, 
the 
utmost 
care 
must 
be 
taken 
when 
the 
macro 
is 
defined 
in 
the 
conditional 
block 
(COND 
statement, 
IFxx 
statement). 
The 
macro 
can 
be 
defined 
in 
such 
a 
format 
that 
a 
macro 
definition 
contains 
another 
macro 
definition, 
that 
is, 
the 
nest 
format, 
but 
even 


when 
the 
higher 
macro 
is 
simply 
refered 
to, 
the 
lower 
macro 
is 
not 


called. 
Further, 
when 
the 
lower 
macro 
only 
is 
called, 
it 
is 
affected 
by 
a 
dummy 
parameter 
of 
the 
higher 
macro 
and 
as 
the 
method 
of 
use 
is 


thus 
restriced, 
it 
is 
better 
not 
to 
use 
such 
a 
using 
method 
as 
this. 
In 
this 
case, 
it 
may 
be 
more 
effective 
to 
use 
a 
method 
to 
define 
each 
macro 
at 
a 
separate 
location 
and 
call 
a 
macro 
in 
another 
macro 


definition. 
It 
is 
not 
possible 
to 
make 
such 
a 
regressive 
definition 
to 
quote 
a 


macro 
instruction 
(name) 
in 
that 
macro 
definition. 


When 
TITLE, 
SUBTTL 
or 
NAME 
instruction 
is 
used, 
if 
MACRO 
is 
specified 
for 
its 
operand 
field 
(Example: 
TITLE 
MACRO), 
it 
becomes 
the 
macro 


instruction, 
and 
TITLE, 
SUBTTL 
and 
NAME 
are 
specified 
to 
be 
macro 
names 


and 
do 
not 
perform 
the 
original 
functions. 


(3) 
Dummy 
parameter 
A 
dummy 
parameter 
is 
substituted 
by 
an 
actual 
parameter 
described 
in 
the 
operand 
field 
of 
the 
macro 
call 
when 
the 
macro 
instruction 
is 


expanded. 
A 
dummy 
parameter 
appeared 
in 
the 
dummy 
parameter 
list 
is 
merely 


examined 
if 
it 
follows 
the 
describing 
syntax. 
Further, 
as 
to 
use 
of 


symbols 
in 
the 
macro 
body, 
the 
symbol 
identical 
to 
the 
dummy 
parameter 


is 
handled 
as 
the 
dummy 
parameter 
and 
all 
others 
are 
treated 
as 
general 
symbols. 
Therefore, 
the 
detection 
of 
errors 
resulted 
from 
the 
erroneous 
use 
of 


these 
symbols 
is 
performed 
only 
at 
time 
of 
the 
expansion 
form 
of 
assembly 
for 
the 
assembler 
system. 
Further, 
when 
such 
symbols 
defined 
as 
reserved 
word, 
operating 
code 
and 
operator 
are 
used, 
they 
are 
handled 
as 
dummy 
parameters 
and 
are 
not 
recognized 
as 
originally 
defined 
symbols 
in 
the 
macro 
definition. 


6.3.3 
(1) 


Further, 
the 
reference 
of 
dummy 
parameter 
in 
the 
comment 
field 
is 


ignored. 
There 
are 
exceptions 
for 
the 
effective 
range 
of 
symbol 
when 
the 
macro 


instruction 
is 
expanded. 
Refer 
to 
6.3.5 
Symbols 
used 
In 
macro 


instruction 
described 
later 
for 
these 
exceptions. 
Further, 
it 
is 
possible 
to 
call 
another 
macro 
in 
a 
macro 
definition. 
Its 
depth 
is 
restricted 
according 
to 
size 
of 
memory. 


Macro 
definition 
block 
(Macro 
body) 
The 
macro 
definition 
block 
consists 
of 
all 
instructions 
except 
the 


following 
instructions 
and 
comments. 
Except 
the 
description 
of 
operand 


using 
a 
dummy 
parameter, 
the 
general 
syntax 
directly 
applies 
to 
the 


macro 
definition 
block 
at 
time 
of 
expansion. 
(Unusable 
instrucions) 


NAME, 
TITLE, 
SUBTTL, 
END 
However, 
in 
the 
case 
of 
instructions 
other 
than 
these 
instruction, 
if 
a 


same 
symbol 
is 
defined 
two 
or 
more 
times 
by 
the 
EQU 
instruction, 
an 
error 
is 
output. 
Further, 
when 
ORC, 
.PAHSE 
and 
.DEPHASE 
instructions 


are 
used, 
be 
careful 
not 
to 
perform 
such 
a 
meaningless 
process 
to 
expand 
the 
micro 
in 
the 
same 
location 
many 
times. 


Examp Ie 
of 
use 
Nos, 
create 
a 
simple 
macro 
named 
SUBMAC 
for 
subtraction 
of 
2 
one-byte 


numbers, 
KAZUI 
and 
KAZU2 
and 
processing 
of 
the 
result. 
If 
KAUI 
is 


smaller 
than 
KAZU2, 
the 
expansion 
must 
be 
terminated. 
The 
macro 


definition 
will 
be 
as 
follows: 
SUB MAC 
MACRO 
KAZUI,KAZU2,SYORI 
LD 
A,KAZUI 
LD 
A,KAZU2 
COND 
KAZUI 
LT 
KAZU2 
EXITM 
ENDC 
SUB 
B 
SYORI 
ENDM 


Macro 
call 
Format 
of 
description 


I 
1 


Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 


--------------1----------------------1------------------------- 


{Symbol:{:}} 
I 
Macro 
name 
I 
{Actual 
parameter 
list} 


I 
I 
Each 
parameter 
in 
the 
actual 
parameter 
list 
is 
substituted 
by 
each 
parameter 
in 
the 
dummy 
parameter 
list 
of 
the 
MACRO 
instruction 
on 
the 


one-to-one 
correspondence. 
The 
actual 
parameter 
list 
is 
described 
by 


delimiting 
each 
parameter 
by 
a 
comma 
(,). 
Actual 
parameters 
and 
dummy 
parameters 
correspond 
to 
each 
other 
by 
the 


location 
where 
they 
are 
described. 
When 
the 
description 
of 
actual 


parameters 
is 
omitted, 
it 
is 
necessary 
to 
leave 
the 
delimiting 
comma. 
Further, 
the 
blank 
is 
also 
regarded 
to 
be 
a 
delimit 
symbol. 
For 
the 
description 
and 
evaluation 
of 
actual 
parameters, 
refer 
to 
(3) 


Description 
and 
evaluation 
of 
actual 
parameter, 
below. 


(2) 
Location 
of 
description 
The 
macro 
call 
can 
be 
described 
at 
any 
location 
before 
the 
END 
instruction 
but 
the 
macro 
definition 
must 
be 
completed 
before 
the 
said 


macro 
call. 
The 
regressive 
macro 
call 
cannot 
be 
performed. 


One 
macro 
difinition 
can 
nest 
othe 
macro 
call. 
Depth 
of 
the 
nest 
is 
restricted 
by 
size 
of 
memory. 


(3) 
Description 
and 
evaluation 
of 
actual 
parameter 


As 
actual 
parameters 
are 
directly 
substituted 
for 
dummy 
parameters 
in 


the 
macro 
definition 
at 
time 
of 
the 
macro 
expansion, 
they 
can 
be 
any 
character 
string 
if 
they 
are 
not 
against 
the 
general 
syntax 
when 
they 
appeared 
in 
the 
expanded 
statements. 
However, 
the 
parameter 
list 
must 


be 
described 
in 
one 
line. 


Even 
when 
actual 
parameters 
are 
omitted, 
the 
delimiting 
comma 
(,) 
cannot 
be 
omitted. 
If 
actual 
parameters 
are 
omitted, 
the 
extra 
dummy 
paramaters 
becomes 
NULL. 
When 
several 
parameters 
delimited 
by 
a 
comma 
(,) 
are 
enlcosed 
in 
angle 
brackets 
«, 
», 
they 
are 
regarded 
to 
be 
a 
single 
parameter. 


(Example) 
Assume 
that 
the 
macro 
name 
to 
be 
called 
is 
FOO. 
FOO 
1,2,3,4,5 
In 
this 
case, 
the 
parameters 
are 
regarded 
to 
be 
five 
actual 
parameters, 
which 
correspond 
to 
five 
dummy 
parameters 
in 
the 
MACRO 
instruction. 


FOO 
<1,2,3,4,5> 
In 
this 
case, 
the 
parameters 
are 
regarded 
to 
be 
one 
actual 
parameter, 
and 
1, 
2, 
3, 
4 
and 
5 
correspond 
is 
one 
duymmy 
parameter 
in 
the 
MACRO 
instruction 
at 
a 
time. 


The 
blank 
is 
treated 
as 
a 
delimit 
symbol. 
If 
such 
delimit 
symbols 
as 
blank, 
comma 
are 
contained 
in 
an 
actual 
parameter 
(Example: 
LD 
A, 
B), 
that 
parameter 
must 
be 
enclosed 
in 
angle 
brackets 
«, 
». 


(4) 
Substitution 
of 
actual 
parameters 


Actual 
parameters 
are 
substituted 
for 
the 
call 
of 
dummy 
parameters 
corresponding 
to 
the 
locations 
where 
the 
actual 
parameters 
are 


described. 
Correspondence 
of 
location 
is 
counted 
from 
the 
left 
side. 
If 
number 
of 
actual 
parameters 
is 
not 
equal 
to 
that 
of 
dummy 
parameters 
in 
the 
macro 
expansion, 
they 
are 
processed 
according 
to 
the 
following 
rules: 


No. 
of 
actual 
parameters> 
No. 
of 
dummy 
parameters 
Ignore 
the 


balance. 
No. 
of 
actual 
parameters 
< No. 
of 
dummy 
parameters 
Process 
by 
assuming 
that 
there 
was 
an 


omission. 


Further, 
if 
length 
of 
a 
statement 
exceeded 
the 
limit 
of 
input/output 
as 
a 
result 
of 
the 
macro 
expansion, 
the 
overflow 
is 
ignoired 
and 
therefore, 
it 
is 
necessary 
to 
take 
care 
that 
the 
assemble 
error 
is 
not 
resulted. 
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SETl : 
SUBMAC 
20H, lOH, <LD 
C ,A> 


SUB MAC 
lOH,20H 


6.3.4 
Examples 
of 
expansion 
of macro 
instruction 


(Example 
1) 
The 
expansion 
format 
of 
the 
macro 
call 
example 
in 6.3.3 
(5) 
is 
shown. 


SETl: 


+ 
SETl: 


+ 
+ 
+ 


SUBMAC 
lOH,20H 
LD 
A,20H 
LD 
B, lOH 
SUB 
B 
LD 
C,A 


SUB MAC 
lOH,20H 
LD 
A, lOH 
LD 
B,20H 


Macro 
call 
Expansion 


(Example 
2) 
An 
example 
to call 
the macro 
of 
the macro 
library 
file 
is shown. 


The 
macro 
is 
defined 
in 
the 
macro 
library 
file 
EXl.MAC 
as 
shown 


below: 


MACRO 
PUSH 
PUSH 
POP 
POP 
ENDM 


If 
the 
above 
EXCHNG 
macro 
is 
referred 
to and 
assembled 
in 
another 
file 


program, 
it 
is expanded 
as 
follows. 


C 
EXCHNG 


C 


C 


C 


C 


C 


MACRO 
PUSH 
PUSH 
POP 
POP 
ENDM 


Specifies 
insertion 
of EXl 


.MAC 
file 


Statement 
block 
inserted 
by 


INCLUDE 
instruction 


LD 
LD 
LD 
LD 
EXCHNG 
PUSH 
PUSH 
POP 
POP 


A,2FH 
(HL) 
,A 
A,3FH 
(DE) 
,A 


HL, 
DE 


HL 
DE 
HL 
DE 


The 
symbol 
'~" 
shows 
the 
statement 
expanded 
by 
the macro 
instruction. 
the 
symbol 
"c" 
shows 
the 
statement 
inserted 
from 
other 
files 
by 
the 


INCLUDE 
instruction. 


When 
actually 
assembled, 
a 
list 
of 
statements 
that 
do 
not 
generate 
object 
unless 
.LALL 
instruction 
is 
specified 
IS 
not 
output. 
(Refer 
to 


7.2 Assembler 
I/O 
control 
instructions.) 


6.3.5 
Symbols 
used 
in macro 
instruction 
There 
are 
two 
kinds 
of 
symbols 
which 
are 
defined 
or 
called 
by 
the 
macro 
instruction; 
public 
symbols 
and 
local 
symbols. 


The 
pulbic 
symbols 
are 
not 
only 
effective 
in 
instruction 
groups 
contained 


in 
expanded 
macro 
definition 
blocks 
but 
also 
symbols 
which 
are 
effective 


to the entire 
program 
in which 
they 
are 
contained, 
while 
local 
symbols 
are 
symbols 
that 
are 
effective 
only 
in 
instruction 
groups 
in 
expanded 
macro 


definition 
blocks. 


(1) 
Local 
symbols 
To 
localize 
a 
symbol 
in 
the 
macro 
expansion, 
it 
is 
necessary 
to 
make 


the 
local 
declaration 
by 
the LOCAL 
instruction 
prior 
to use. 
The 
local 


declaration 
cannot 
be made 
for dummy 
parameters. 
When 
the 
text 
of 
macro 
definition 
is 
rearranged, 
the 
definitions 
as 


well 
as 
references 
of 
local 
symbols 
are 
converted 
into 
the 
format 
of 


" .. nnnnll• 
"noon" 
is 
a 
serial 
number 
used 
throughout 
a 
program. 


"Within 
the 
range 
of 
the 
said 
macro" 
referred 
to 
here 
indicates 
the 


definition 
of 
the macro 
and 
the 
format 
of 
the macro 
expansion 
quoted 
by 
the definition. 
The 
relation 
is explained 
in the 
following 
by 
several 
examples. 


(Example 
1) 
PMAC 
MACRO 
PI,P2 
PI: 
DEFW 
1234H 


P2: 
DEFW 
XYZ 
ENDM 
SMAC 
MACRO 
PI,P2,P3 


LOCAL 
ABC 


JR 
ABC 
PMAC 
P2,P3 
Other 
macro 
call 
ABC: 
LD 
HL,P2 
CALL 
Pl 


ENDM 
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SMAC 
LA,LB,LC 
Macro 
ca 11 


+ 
JR 
• .0000 
+ 
L8: 
DEFW 
1234H 
+ 
LC: 
DEFW 
XYZ 
Expansion 
of 
macro 


+ 
•• 0000: 
LD 
HL,LB 
+ 
CALL 
LA 


SMAC 
CONSL,PX,PY 
Macro 
call 
+ 
JR 
• .0001 
-I 


+ 
PX: 
DEFW 
1234H 
I 
+ 
PY: 
DEFW 
XYZ 
I 
Expansion 
of 
macro 


+ 
• .0000: 
LD 
HL, PX 
1 


+ 
CALL 
CONSL 


(Examp 
Ie 
2) 
IMAC 
MACRO 
ALPHA 
LOCAL 
VALl 
ALPHA 
DEFL 
a 
VALl 
DEFL 
I 
ENDM 


OMAC 
MACRO 
XYZ 
LOCAL 
UU 
UU 
DEFL 
2 


XYZ 
EQU 
3 
IMAC 
UU 
ENDM 


OMAC 
YYY 
+ 
• .0000 
DEFL 
2 
UU call 
+ 
YYY 
EQU 
3 
+ 
IMAC 
• .0000 
ALPHA <-- 
UU 
+ 
• .0000 
DEFL 
a 
ALPHA(UU) 
call 
+ 
• .0000 
DEFL 
I 
VALl 
call 


(2) 
Public 
symbols 


Symbols 
defined 
during 
the 
expansion 
by 
the 
macro 
instruction 
become 


public 
symbols 
if 
there 
is 
no 
declaration 
of 
LOCLA. 
Further, 
when 


symbols 
with 
actual 
parameters 
substituted 
are 
defined 
in 
the 
form 
of 
the 
macro 
expansion, 
they 
become 
public 
symbols. 
Dummy 
parameters 


cannot 
be 
declared 
to 
be 
LOCAL. 


MACRO 
LD 
PUSH 


PPI 
HL,SAD 
HL 


TOSHIBA 


PPl: 
DEFB 
'OPEN ERROR' ,ODH,DAH,'$' 
SAD: 


ENDM 


MAC 1 
ERCON 
+ 
LD 
HL,SAD 
+ 
PUSH 
HL 


+ 
JP 
XYZ 
+ 
ERCON: 
DEFB 
'OPEN ERROR' ,DDH,OAH, '$' 
+ 
SAD: 


XYZ: 
LD 
DE,ERCON 


CALL 
TTOUT 


RET 


Expansion 
of macro 


6.4 
Repetition 
instruction 
The repetition instruction is used when a code block is used several times 
as 
it 
is. 
while 
the 
macro 
instruction 
is 
called 
when 
necessary, 
the 


repetition 
instruction 
is 
expanded 
right 
after 
it 
is 
defined 
and 
the 


repetition process 
is performed. 
The macro 
by the repetition 
instruction 
is 
defined 
by 
the 
repetition 
definition 
start 
instructions 
(RETP, 
IRP, 


IRPC) 
and ENDM 
instruction, 
and 
the assembler 
is specified 
to repeatedly 
assemble 
the source text located between 
them. 


6.4.1 
Use of repetition 
instruction 
The REPT, IRP, IRPC and ENDM 
instructions 
are available 
for the assembler 


for defining 
the repetition 
instruction. 
Which 
one of REPT, 
IRP or IRPC 


and ENDM instructions are always used in a pair. 
The 
repeat 
block 
is 
inseted when 
the assembler 
encountered 
a 
repetition 


instruction and 
is repeated. 
As the call expansion 
function 
is contained 
in this instruction, 
it is not necessary 
to call 
it again 
for inserting a 
code as in the MACRO instruction. 
It 
is possible 
to 
nest 
a 
repetition 
block 
repeat 
block. 
The 
macro 
definition 
blocks 
can contain 
repetition 
instructions. 
Depth 
by 
size 
of 
memory. 
However, 
it 
is 
not 
definition block in the repeat block. 
Similar 
to 
the 
macro 
instruction, 
it 
is 
not 
possible 
to 
contain 
the 


following 
instructions 
in the repeat block 
(Macro body): 


NAME,TITLE,SUBTTL,END 
The 
same consideration 
as 
in the MACRO 
instruction 
is also 
necessary 
for 


EQU, ORG, 
.PHASE and .DEHASE instructions. 


and 
a 
macro 
call 
in 
another 


defined 
by macro 
instruction 


of this nesting 
is restricted 


possible 
to 
nest 
the 
macro 


6.4.2 
Definition and expansion of repetition instructions 
MACRO-8D Macro Assmebler 
has the following 
instructions 
the repetition 
instruction: 
REPT Instruction 
•.. 
Start 
of 
definition 
specifiying number of 
of 
repetition 
repetitions. 


Start 
of definition 
of 
repetition 
instruction 
for 


indefinite 
number 
of repetitions. 
Start 
of definition 
of 
repetition 
instruction 
for 


indefinite 
number 
of 
repetitions 
depending 
upon 


number 
of characters. 
End 
of 
repetition 
End 
of definition 
of each 
repetition 
instruction. 
EXITM 
Instruction 
.. 


ENDM 
Instruction 


(1) 
REPT 
Instruction 
The 
repeat 
block 
is 
repeated 
by 
the 
number 
of 
times 
specified 
by 
the 


operand. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1---------------------------- 


{Symbol:{:}} 
I 
REPT 
1 
Symbol, 
Constant, 
Expres- 


1 
I 
ssion, 
etc. 


The 
statement 
block 
between 
REPT 
and 
ENDM 
statements 
is 
repeatedly 


assembled. 
Number 
of 
repetition 
is 
specified 
according 
to 
the 
result 
of 
evaluation 
of 
the 
operands. 


The 
operand 
is 
evaluated 
as 
16-bit 
integer 
without 
mark. 
If 
external 


reference 
symbols 
or 
undefined 
symbols 
are 
used 
as 
operands, 
an 
error 


is generated. 


(Example) 
.LALL 
ORG 
150H 


X 
DEFL 
0 
REPT 
5H 
X 
DEFL 
X+l 
DEFB. 
X 
ENDM 


When 
assembled, 
this 
program 
will 
be expanded 
as 
follows: 


.LALL 
ORG 
150H 


X 
DEFL 
0 
REPT 
5H 


X 
DEFL 
X+l 
Repeat 
block 
DEFB 
X 
ENDM 
+ 
X 
DEFL 
X+l 


+ 
DEFB 
X 
+ 
X 
DEFL 
X+l 
+ 
DEFB 
X 
+ 
X 
DEFL 
X+l 
Repeat 
block 
is repeated 
5 
+ 
DEFB 
X 
times. 
+ 
X 
DEFL 
X+l 


+ 
DEFB 
X 
+ 
X 
DEFL 
X+l 


+ 
DEFB 
X 


(Note) 
If 
.LALL 
insturction 
is 
not 
specified, 
a 
list 
of 
statements 
that 
do 


not 
generate 
object 
is not 
output. 


(2) 
IRP 
Instruction 


The 
repeat 
block 
is 
repeated 
by 
number 
of 
actual 
parameters 
in 
the 
operand 
field. 
I 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
--------------1----------------------1---------------------------- 


{Symbol:{:}} 
! 
IRP 
1 
Dummy parameter, 
<Actual 


1 
parameter 
list> 
I 


The 
statement 
block 
between 
IRP 
and 
ENDM statements 
is 
repeated 
by 
number 
of 
actual 
parameters. 


Every 
time 
a 
dummy 
parameter 
appears 
as 
a 
result 
of 
repetition 
of 
the 
repeat 
block, 
each 
parameter 
on 
<Actual 
parameter 
list> 
is 
replaced 
by 
a 
dummy 
parameter 
in 
order. 


The 
actual 
parameter 
list 
is 
described 
by 
separating 
each 
parameter 
by 
a 
comma 
(,}. 
The 
parameter 
list 
must 
be 
enclosed 
in 
angle 
brackets 
«, 
»). 


Operands 
that 
can 
be 
written 
as 
actual 
parameters 
are 
4 
kinds 
of 
symbol, 
character 
string, 
numerical 
constant 
and 
character 
constant. 
Number 
of 
repetitions 
of 
the 
repeat 
block 
is 
decided 
by 
number 
of 
actual 
parameters. 
If 
actual 
parameter 
is 
null 
(that 
is, 
< »), 
the 
block 
is 
processed 
only 
for 
one 
time 
as 
null 
parameter. 


When 
this 
instruction 
is 
used 
in 
the 
macro 
definition 
block, 
the 
actual 
parameter 
in 
the 
macro 
call 
statement 
is 
transfered 
to 
the 
actual 
parameter 
field 
of 
the 
IRP 
instruction 
before 
that 
actual 
parameter 
is 
allowed 
to 
pass 
to 
the 
macro 
block. 


(Example 
1) 
IRP 
X,<J.,2,3,4,5> 
DEFB 
X 
ENDM 


When 
assembled, 
this 
program 
will 
be 
expanded 
as 
follows: 


IRP 
X,<l,2,3,4,5> 


DEFB 
X 


ENDM 


+ 
DEFB 
1 


+ 
DEFB 
2 


+ 
DEFB 
3 


+ 
DEFB 
4 
+ 
DEFB 
5 


(Example 
2} 
In 
FOO 


case 
of 
IRP 


MACRO 
IRP 
DEFB 
ENDM 
ENDM 
FOa 


instruction 
used 
,n 
macro 
defined 
block 


X 
Y,<X) 


Y 


When 
assembled, 
this 
FOO 
MACRO 
IRP 
DEFB 
ENDM 
ENDM 
FOO 
+ 
DEFB 
+ 
DEFB 
+ 
DEFB 
+ 
DEFB 


+ 
DEFB 


+ 
DEFB 


program 
will 
be 
expanded 
as 
follows: 


X 
Y,X 


Y 


<1,2,3,4,5,6> 
1 
2 
3 
4 
5 
6 


(3) 
IRPC 
Instruction 
The 
repeat 
block 
is 
repeated 
by 
number 
of 
characters 
contained 
in 
the 


character 
string 
In 
the 
operand 
field. 


1 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1------------------------ 
{Symbol:{:}} 
1 
IRPC 
1 


1 
I 


1 
1 


Dummy 
paremeter, 
Character 
string 


The 
statement 
block 
between 
IRPC 
and 
ENDM 
statements 
is 
repeated 
by 


number 
of 
characters 
contained 
in 
the 
character 
string. 
Every 
time 
a 
dummy 
parameter 
appears 
as 
a 
result 
of 
the 
repetition 
of 


the 
repeat 
block, 
it 
is 
replaced 
in 
order 
by 
each 
character 
in 
the 
character 
string. 


(Example) 
IRPC 
X, 
01234 
DEFB 
X+l 
ENDM 


When 
assembled, 
this 
program 
will 
be 
expanded 
as 
follows: 
IRPC 
X,01234 
DEFB 
X+l 
ENDM 
+ 
DEFB 
0+1 
+ 
DEFB 
1+1 
+ 
DEFB 
2+1 
+ 
DEFB 
3+1 
+ 
DEFB 
4+1 


(4) 
EXITM 
Instruction 
The 
EXITM 
is 
used 
in 
the 
repet 
block 
to 
tell 
the 
assembler 
to 
terminate 


the 
code 
creation 
by 
the 
repetition. 


1 
Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1------------------- 
{Symbol:{:}} 
1 
EXITM 
1 
Blanck 


1 
1 


Except 
use 
in 
the 
repeat 
block, 
this 
EXITM 
is 
identical 
to 
the 
EXITM 


instruction 
of 
the macro 
instruction. 


(5) 
ENDM 
Instruction 
The 
ENDM 
means 
the 
end 
of 
repeat 
definition 
and 
is 
always 
used 
is 
a 


pair 
with 
REPT, 
IRP 
or IRPC 
instruction. 


1 
Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
--------------1----------------------1------------------- 


{Symbol: { :}} I 
ENDM 
I 
Blanck 
I 
I 


Each 
of 
REPT, 
IRP 
and 
IRPC 
instructions 
requires 
the 
corresponding 


ENDM 
instruction. 


6.5 
Special 
macro 
symbols 
In connection 
with 
the macro 
function, 
special 
functions 
are 
given 
to the 


following 
symbols 
(strings) 
on 
this macro 
assembler: 


& 
Connection 
of 
text 
and 
symbol 


" 
Specification 
of comment 
Insertion 
of 
character 


% 
Conversion 
into 
numerical 
value 


0) 
& 
This 
symbol 
is 
used 
to 
link 
character 
strings 
or 
symbols 
with 
dummy 


parameters 
at 
time 
of 
the 
macro 
expansion. 
The 
ampersand 
symbol 
(&) 
cannot 
be used 
in 
the macro 
call 
or 
in 
the 
operand 
field 
of 
the 
repeat 


definition 
start 
instruction 
statement. 


A dummy 
parameter 
in a character 
string 
enclosed 
in quatation 
marks 
(') 


will 
not 
be 
substituted 
in 
expansion 
unless 
preceded 
by 
the 
ampresand 
symbol 
(&). 
The 
ampersand 
symbol 
(&) and 
a dummy 
parameter 
must 
adjoin 
each 
other, 
and 
a blank 
cannot 
be put 
between 
them. 


ERROR 
ERRGEN 
ERROR&X: 


DEFL 
MACRO 
PUSH 
LD 
JP 
ENDM 


2 


X 
BC 


BC,' 
&X' 
ERROR 


+ 
ERROR&A: 
PUSH 
+ 
LD 
+ 
JP 


BC 
Be, 
'A I 
ERROR 


I f there 
is no & 
in ERROR&X 
and 
LD 
BC, "&X", 
they 
wi 11 become 
ERRORX 
and 
LD 
BC,"X". 
On 
the 
list, 
& 
is added 
to a generated 
symbol 
(ERROR&A) 
but 
actually, 
& 
is 
ignored 
and 
ERRORA 
is 
registered, 
and 
thereafter 
this 


symbol 
can 
be 
referred 
to as ERRORA. 


"In 
a macro 
definition 
block 
or 
repeat 
block, 
a 
comment 
preceded 
by 
two 
semicolons 
(;;) 
is 
not 
expanded 
in 
the 
expansion 
or 
repetition. 
It 
will 
not 
appear 
on 
the 
listing 
of 
the 
expansion 
part 
even 
under 
.LALL 
instruction. 
It 
will 
be 
printed 
only 
on 
the 
listing 
of 
the 
macro 
definition. 


ORG 
MACRO 
PUSH 
PUSH 
POP 
POP 
ENDM 


250H 
X,Y 


X 


Y 


X 


Y 


When 
this 
macro 
is 
called, 
"TEST 
OF 
MACRO" 
of 
the 
comment 
field 
will 
not 
appear 
in 
the macro 
expansion. 


EXCHNG 
PUSH 
PUSH 
POP 
POP 


HL, DE 
HL 
DE 
HL 
DE 


A 
character 
is 
inserted 
as 
it 
is 
next 
to 
this 
symbol. 
For 
example, 


is 
written 
when 
it 
is 
desired 
to 
use 
the 
delimiting 
comma 
(,) 
as 
an 
actual 
parameter, 
it becomes 
equivalent 
to <,>. 
When 
this 
symbol 
is used 
as 
it 
is, 
describe 
!!. 
(4) 
% 
The 
percent 
sign 
(%) is used 
to convert 
a symbol, 
expression, 
etc. 
that 
follow 
it to numerical 
values 
according 
to 
the 
current 
radix. 
During 
the 
macro 
expansion, 
an 
actual 
parameter 
is 
normally 
refered 
to 


and 
substituted 
for 
a 
dunny 
parameter. 
When 
the 
percent 
sign 
CO 
is 
used, 
the macro 
call 
by 
value 
becomes 
possible. 
This 
percent 
sign 
can 
be 
used 
only 
for 
actual 
parameters 
of 
the 
macro 
call 
by 
the 
macro 
instruction 
but 
cannot 
be 
used 
in 
the 
repetition 
insruction. 


Symbol, 
expression, 
etc. 
following 
this 
percent 
sign 
must 
conform 
to 
the 
same 
rules 
for 
the 
operands 
of 
DEFS 
instruction. 


Further, 
symbols 
and 
expressions 
must 
be 
those 
that 
are 
evaluated 
as 
the 
absolute. 


.RADIX 
MACRO 
.PRINTX 
ENDM 


16 
MSG,N 
*MSG N* 


SYMI 
SYMZ 
PRINTE 
*SYMl+SYMZ=300* 


DEFL 
100 
DEFL 
ZOO 
<SYMl+SYMZ=>,%(SYMl+SYMZ) 
Macro 
call 
Expansion 


If 
the 
perecent 
sign 
(%) 
is 
not 
placed 
in 
front 
of 
(SYMl+SYMZ), 
the 
assembler 
generates: 
*SYMl+SYMZ=(SYMl+SYMZ)* 


The 
MACRO-80 
macro 
assembler 
is 
available 
in 
various 
control 
instruction 
to give 
flexibility 
to 
the 
creation 
and 
input/output 
of 
a 
program. 
These 
instructions 
can 
direct 
the 
selection 
of assembling 
according 
to the 
forms 
and 
conditions 
of 
list 
files 
to 
an 
assembler. 
Further, 
they 
direct 
the 
control 
of 
the 
MACRO 
expansion 
and 
the 
expansion 
of 
repetition 
instruction. 
This 
chapter 
describes 
the 
assembler 
control 
instruction 
used 
for 
executing 
an assembler 
for 
the MACRO-80 


(1) 
Assembling 
condition 
control 
instruction 
COND 
IFE 
IFI 
IF2 
IFDEF 
IFNDEF 
IFB 
IFNB 
IFIDN 
IFDIF 
ENDC 
ELSE 
(2) 
Assembler 
input/output 
control 
instruction 
PAGE 
TITLE 
SUBTTL 
.COMMENT 
.PRINTX 
NAME 
.RADIX 
.LIST 
.XLIST 


.LFCOND 
.SFCOND 
.TFCOND 
.LALL 
.SALL 
.XALL 
.CREF 
.XCREF 
INCLUDE 
The 
symbols 
in 
the 
name 
field 
of 
the 
assembler 
control 
instruction 
may 
be 
omitted. 
If 
a 
symbol 
has 
been 
described, 
the 
location 
counter 
val ue 
of 


the present 
segment 
is assigned 
to the 
symbol. 


Assembling 
condition 
control 
instructions 
The 
assembling 
condition 
control 
instruction 


of 
assembler 
execution 
whether 
or 
not 
the 


block 
should 
be assmebled. 


directs 
the assembler 
at 
time 


statements 
in 
the 
specified 


The 
assembling 
control 
instructions 
are 
as 
follows: 
COND,IFE 
determination 
of validity 
by 
the operand 
field's 
being 
o or not. 


IF1,IF2 
Determination 
of validity 
by Pass 
1 and 
Pass 
2 
IFDEF ,IFNDEF 
... Determination 
of 
validity 
by 
definition 
or 
undefinition 
of 
symbol. 


IFB,IFNB 
Determination 
of 
validity 
by 
the 
symbol 
field's 
being 


blannk 
or not. 


IFIDN,IFDIF 
Determination 
of 
validity 
by 
the 
comparison 
result 
of 
No.1 
operand 
and 
No.2 
operand 
in operand 
field. 
ENDC 
Direction 
of 
conditional 
block 
termination 
ELSE 
........•. 
Inversion 
of output 
state 
by validity 
of condition 


The 
format 
of assembling 
condition 
control 
instruction 
is as 
follows: 
IFxxxx 
{Expression} 
COND 
{Expression} 


ENDC 
ENDC 


IFxxxx 
denotes 
one 
of 
IFE,IFDEF,IFB,IFNB,IFIDN 
and 
IFDIF. 


When 
the 
states 
of 
conditions 
indicated 
by 
these 
instructions 
have 
con- 


formed 
one 
another, 
the 
assembler 
assembles 
a 
statement 
from 
IFxxxx 
to 
ELSE 
or 
ENDS 
or 
a 
statement 
from 
COND 
to 
ELSE 
or 
ENDS. 
If 
they 
do 
not 


conform 
one 
another, 
the 
assembler 
assembles 
a 
statement 
between 
ELSE 
and 
ENDC. 


Since 
IFxxxx 
and 
ENOC 
or 
CONO 
and 
ENOC 
are 
of 
parenthesis 
structure, 
the 
description 
of either 
of 
them 
cannot 
be omitted. 
However, 
the 
description 
of ELSE 
statement 
can 
be omitted. 
These 
instructions 
can 
nest 
up 
to 255 
levels. 


For 
a 
instruction 
that 
conditions 
are 
described 
in 
the 
operand 
field, 
the 


conditional 
state 
must 
have 
been 
already 
known 
at Pass 
I. 


(1) 
CONO 
instruction 


The 
CONO 
instruction 
is 
for 
assembling 
a 
statement 
in 
the 
conditional 
block 
when 
the operand 
value 
is not 
zero. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
I 
CONO 
1 
Symbol, 
Constant, 


I 
Expression, 
etc. 


When 
a conditional 
expression 
has 
been 
described 
in the 
operand, 
if the 


conditional 
expression 
is satisfied, 
the value 
becomes 
true. 


When 
a 
symbol 
is described 
in 
the 
operand 
field, 
the 
symbol 
must 
be 
a 


defined 
absolute 
symbol. 
The 
operand 
value 
must 
be an absolute 
value. 


(2) 
IFE 
instruction 
The 
IFE 
instruction 
is 
for 
assembling 
a 
statement 
in 
the 
conditional 
block 
when 
the operand 
value 
is zero. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 
{Symbol:{:}} 
lIFE 
1 
Symbol, 
Constant, 


1 
Expression, 
etc. 


When 
a conditional 
expression 
has 
been 
described 
in the operand, 
if the 


conditional 
expression 
is unsatisfied, 
the value 
becomes 
true. 
The 
limitation 
on 
the 
descripton 
in 
operand 
field 
is 
the 
same 
in 
the 


CONO 
instruction. 


(3) 
IFI 
instruction 


For 
the 
Pass 
1, 
the 
value 
becomes 
'true', 
and 
a 
statement 
in 
the 


conditional 
block 
is assmelbed. 


Name 
field 
1 Operating 
code 
field 
I 
Operand 
field 
-----------------I-------------------~--I--------------------- 
{Symbol:{:}} 
1 
IFI 
I 
Blank 


(4) 
IF2 
instruction 
For 
the 
Pass 
2, 
the 
value 
becomes 
'true', 
and 
a 
statement 
in 
the 


conditional 
block 
is assmelbed. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 
{Symbol:{:}} 
I 
IF2 
I 
Blank 


When 
a 
symbol 
in 
the 
operand 
field 
has 
been 
defined 
or 
external 
reference 
symbol, 
the value 
becomes 
'true', 
and 
a 
the conditional 
block 
is assembled. 


declared 
as 
statement 
in 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 
{Symbol:{:}} 
I 
IrDEF 
I 
Symbol 


(6) 
IFNDEr 
instruction 


When 
a symbol 
in 
the 
operand 
field 
has 
been 
undefined 
or 
undeclared 
as 


external 
reference 
symbol, 
the value 
becomes 
'true', 
and a 
statement 
in 


the conditional 
block 
is assembled. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
I 
IFNDEF 
I 
Symbol 


(7) 
IFB 
instruction 


If 
the operand 
field 
is blank 
or 
blank 
in 
two 
angle 
brackets 
(that 
is, 


in 
case 
of 
"< », 
the 
value 
becomes 
'true', 
and 
a 
statement 
in 
the 
conditional 
block 
is assembled. 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 


-----------------1----------------------1------------------------------ 
{Symbol:{:}} 
1 
IFB 
1 
{<Constant, 
Character 
string, 
Symbol, 
Expression, 
etc.>} 


Two 
angle 
brackets 
«,» 
are 
required 
at 
both 
the 
ends 
of 
a 
constant, 


character 
string, 
symbol 
or expression, 
etc. 


(8) 
IFNB 
instruction 


When 
the 
operand 
field 
is 
not 
blank, 
the 
value 
becomes 
'true', 
and 
a 


statement 
in the conditional 
block 
is assembled. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 


-----------------1----------------------1------------------------------ 
{Symbol:{:}} 
1 
IFNB 
1 
{<Constant, 
Character 
string, 


Symbol, 
Expression, 
etc.>} 


Two 
angle 
brackets 
«,» 
are 
required 
at 
both 
the 
ends 
of 
a 
constant, 
character 
string, 
symbol 
or expression, 
etc. 


(9) 
IrIDN 
instruction 


When 
the character 
in 
the 
first 
operand 
is 
equal 
to 
that 
in 
the 
second 
oeprand, 
the 
value 
becomes 
'true', 
and 
a 
statement 
in 
the 
conditional 


block 
is assembled. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
1 
IFIDN 
1 
<Character 
string 
1>, 


1 
I 
<Character 
string 
2> 


Two 
angle 
brackets 
«,» 
are 
required 
at 
both 
the 
ends 
of 
each 


character 
string. 


(10) 
IFDIF 
instruction 
When 
the 
character 
in 
the 
first 
operand 
is 
equal 
to 
that 
in 
the 
second 
oeprand, 
the 
val ue 
becomes 
I true', 
and 
a 
statement 
in 
the 
conditional 
block 
is 
assembled. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
I 
IFDIF 
1 
<Character 
string 
1>, 


1 
1 
<Character 
string 
2> 


Two 
angle 
brackets 
«,» 
are 
required 
at 
both 
the 
ends 
of 
each 


character 
string. 


(11) 
ENDC 
instruction 
The 
EN DC 
instruction 
is 
for 
describing 
the 
end 
of 
the 
conditional 
b lcok. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
1 
EN DC 
1 
Blank 


The 
"COND" 
or 
the 
"IFxxxx" 
and 
"ENDC" 
group 
are 
of 
parenthesis 


strucure 
has 
a 
bracket 
construction, 
and 
either 
description 
cannot 
be 


omitted. 


(12) 
ELSE 
instruction 
When 
the 
condition 
of 
the 
"COND" 
or 
the 
"IFxxxx'l 
is 
satisfied, 
a 


staetment 
between 
the 
assebling 
condition 
control 
directive 
and 
the 


"ELSE" 
is 
assembled. 
However, 
if 
the 
condition 
is 
not 
satisfied, 
a 


statement 
between 
the 
"ELSE" 
and 
the 
"ENDC" 
is 
assembled. 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
-----------------1----------------------1--------------------- 


{Symbol:{:}} 
1 
ELSE 
1 
Blank 


The 
"ELSE" 
can 
be 
omitted. 
For 
one 
"CONDII 
or 
one 
"IFxxxx", 
one 
When 
the 
"COND" 
or 
the 
"IFxxxx" 
and 
it 
corresponds 
to 
the 
"COND" 
or 
the 
The 
"ELSE" 
must 
invariably 
have 
corresponding 
to 
the 
"ELSE". 


"ELSE" 
only 
can 
be 
used. 
"ELSE" 
group 
has 
become 
nesting, 


IlIFxxxx" 
nearest 
to 
the 
lIELSE". 


the 
"COND" 
or 
the 
"IFxxxx" 


TOSHIBA 


(Example 
1) 
CONTROL 
DEFL 


COND 


ELSE 


ENDC 


IFE 


ENDC 


(Example 
2) 


IFDEF 


I ... 
Assembled 


I 
-I ...Not 
Assembled 


I 


I •.. 
Not 
Assembled 


1 


Assembled 
when 
the CON- 


TROL 
has 
been 
defined 


or 
is an 
external 
refer- 
ence 
symbol. 
COND 


Nest 
level 
2 


ENDC 


Nest 


level 


IF2 


Nest 
level 
2 


ENDC 
ENDC 


Assembled 
when 
the CON- 
TROL 
has 
been 
defined 
or 
is an 
external 
refer- 
ence 
symbol, 
and 
further 


when 
CNTl 
< 
>0. 


Assembled 
when 
the CON- 


TROL 
has 
been 
defined 
or 
is an 
external 
refer- 


ence 
symbol. 


Assembled 
when 
the CON- 
TROL 
has 
been 
defined 


or 
is an 
external 
refer- 
ence 
symbol, 
and 
further 


when 
Pass 
2. 


7.2 
Assembler 
r/o 
control 
instructions 
These 
instructions 
are 
for 
controlling 
the outputs 
of a list 
fiel, 
a cross 


reference 
file, 
etc, 
and 
are 
available 
as 
follows: 


PAGE 
TITLE 
SUBTTL 
•COMMENT 
.PRINTX 
NAME 
.RADIX 


.LIST 


Page 
feed 
of output 
list 
Specification 
of 
title 
Specificaiton 
of 
subtitle 


Description 
of 
long 
comment 
Output 
of characters 
to console 
in assembling 
Definition 
of module 
name 
Specification 
of 
radix 
Output 
of 
list 
file 


.XLI ST 
.LFCOND 


.CREF 
.XCREF 
INCLUDE 


Suppression 
of 
list 
file 
output 
List 
file 
output 
of 
conditional 
block 
evaluated 
as 


'false' 
Suppression 
of 
list 
file 
output 
of 
conditional 
block 


evalueated 
as 
'false' 
Selection 
of 
list 
file 
output 
of 
conditional 
block 


evalueated 
as 
'false' 
output 
of 
all 
lists 
in 
macro 
extenison 
field 
and 


extension 
field 
of 
repetition 
instruction 
Suppression 
of 
output 
of 
all 
lists 
in macro 
extension 


field 
and 
extension 
field 
of 
repetition 
instruction 


Selection 
of 
output 
of 
all 
lists 
in 
macro 
extension 


field 
and 
extension 
field 
of 
repetition 
instruction 


output 
of cross 
reference 
Suppression 
of cross 
reference 
output 
Read 
in of another 
source 
field 


(1) 
PAGE 
instruction 
The 
PAGE 
instruction 
is 
for 
making 
page 
feed 
of 
output 
list 
of 
assembler. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1------------------------------ 


{Symbol:{:}} 
I 
PAGE 
1 
{Constant, 
Expression, 
etc.} 


When 
constant, 
expression, 
etc. 
have 
been 
described 
in 
the 
operand 


field, 
this 
expression 
shows 
the 
size 
(number 
of 
lines 
per 
page) 
of 
a 
new 
page. 
The 
operand 
values 
can 
be 
specified 
in 
the 
range 
from 
10 
to 
255. 
The 
value 
of expression 
must 
be absolute. 
When 
the 
expression 
is omitted, 
the 
size 
of 
a 
page 
is 
specified 
to 
50 


lines 
per 
page. 


(2) 
TITLE 
instruction 
The 
TITLE 
instruction 
is 
for 
specifying 
the 
title 
described 
in 
the 


first 
line 
of each 
page 
of 
the 
list. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1-------------------- 


{Symbol:{:}} 
I 
TITLE 
1 
Character 
string 


One 
title 
only 
is given 
to one 
program. 
A character 
string 
is in the 
range 
of one 
line. 
Unless 
the 
"NAME" 
instruction 
is 
used 
in 
a 
program, 
the 
first 
six 
charac ter s are 
used 
as 
a module 
name. 
Nei ther 
the 
"NAME" 
ins truc tion 


nor 
the 
"TITLE" 
instruction 
is 
used, 
the 
module 
name 
is 
created 
from 


the 
source 
fiel 
name. 


(3) 
SUBTTL 
instruction 
The 
SUBTTL 
instruction 
is 
for 
specifying 
the 
subtitle 
described 
after 


the 
title 
described 
at 
the 
top 
of each 
page. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
-----------------1----------------------1-------------------- 
{Symbol: {:}} 
1 
SUBTTL 
1 
Character 
string 


In 
the 
character 
string, 
60 
characters 
from 
its 
top 
become 
effective 


and 
the part 
of more 
than 60 
characters 
is ignored. 


An 
arbitrary 
number 
of 
the 
"SUBTTL" 
instructions 
can 
be 
used 
in 
one 


proram. 


(4) 
.COMMENT 
instruction 
The 
COMMENT 
instruction 
is used 
for describing 
such 
a comment 
as cannot 
be 
written 
in one 
line. 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
---------------1----------------------1---------------------------- 
{Symbol:{:}} 
I 
• COMMENT 
1 
Delimiter 
symbol 
Character 


string 
Delimiter 
symbol 


The 
character 
other 
than 
the 
first 
blank 
is 
served 
as 
a 
symbol, 
and 
the 
subsequent 
character 
string 
makes 
up 
a 


comments 
until 
another 
delimiter 
symbol 
appears. 


delimiter 
series 
of 


* 
This 
is 
an 
example 
which 
an 
asterisk 
(*) has 
bene 
used 
as 
a 
delimiter 
symbol. 
a comment 
can 
be 
descibed 
between 
the 
first * 
and 
the 
last * 


terms 
of an arbitrary 
character 
string. 


(5) 
.PRINTX 
instruction 


The 
.PRINTX 
instruction 
is 
for 
outputting 
a 
character 
string 
specified 
in the 
operand 
field 
at assembling 
to the console. 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1---------------------------- 


{Symbol:{:}} 
I 
.PRINTX 
I Delimiter 
symbol 
Character 


string 
Delimiter 
symbol 


The 
character 
other 
than 
the 
first 
blank 
is 
served 
symbol, 
and 
the 
characters 
between 
this 
delimiter 


subsequent 
symbol 
are 
output 
to the console. 
The 
character 
stirng 
is within 
the 
range 
of one 
line. 


This 
instruction 
is 
used 
for 
describing 
the 
progress 
the 
conditional 
assembling 
value 
when 
nuch 
time 


assembling. 


delimiter 
and 
the 


of 
assembling 
or 
is 
required 
for 


(6) 
NAME 
instruction 
The 
NAME 
instruction 
is for defining 
the name 
of module. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1------------------------ 
{Symbol:{:}} 
I 
NAME 
I 
('Module 
Nema') 


The 
first 
six 
characters 
only 
of 
the 
module 
name 
are 
recognized. 
The 


module 
name 
must 
be enclosed 
with 
"(' 
')" without 
fail. 


The 
module 
name 
can 
be 
defined 
by 
the 
TITLE 
instruction. 


are 
neither 
the 
NAME 
instruction 
nor 
the 
TITLE 
instruction, 
name 
is 
created 
from 
the 
source 
name. 


When 
there 


the 
module 


(7) 
.RADIX 
instruction 
The 
.RADIX 
instruction 
is 
for 
cahnging 
the 
radix 
of 
constant. 


Name 
field 
I 
Operating 
code 
field 
1 
Operand 
field 
---------------1----------------------1----------------------------- 
{Symbol:{:}} 
I 
.RADIX 
1 
Constant, 
Expression, 
etc. 


The 
constant 
is 
changed 
to 
arbitrary 


the 
operand 
field. 
The 
expression 
in 
irrespective 
of 
the 


If 
the 
radix 
is 
not 


number. 


the 
operand 
present 
radix. 


specified 
in 
the 


(8) 
.LIST 
instruction 
and 
.XLIST 
instruction 


The 
.LIST 
instruction 
is 
for 
making 
a 
source 
program 
with 
objects 
output 
to 
a 
list 
fiele. 
The 
.XLIST 
instruction 
is 
for 
suppressing 
the 


output 
to 
a 
list 
fiel. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 


---------------1----------------------1----------------------- 


{Symbol:{:}} 
1 
.LIST 
1 
Blank 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 


---------------1----------------------1----------------------- 


{Symbol:{:}} 
1 
.XLIST 
I 
Blank 


Even 
unless 
particularly 
specified, 
the 
assembler 
considers 
the 
".LIST" 


to 
be 
automatically 
at 
the 
top 
of 
the 
source 
program. 
If 
the 
list 
output 
is 
not 
made, 
these 
instructions 
become 
invalid. 


When 
the 
list 
output 
is made, 
the 
source 
program 
list 
with 
object 
codes 


is 
output 
to 
the 
line 
just 
before 
the 
".XLIST". 


The 
source 
program 
list 
with 
object 
codes 
is 
not 
output 
from 
the 


".XLIST" 
to 
the 
line 
just 
before 
the 
".LIST". 


The 
list 
output 
is 
made 
from 
the 
".LIST" 
again. 


(9) 
.LFCOND 
instruction 


The 
.LFCOND 
instruction 
is 
for 
outputting 
the 
conditional 
block 
which 


was 
evaluated 
false. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
I 
.LFCOND 
I 
Blank 


When 
the 
list 
output 
is not 
made, 
this 
instruction 
becomes 
invalid. 


This 
instruction 
operates 
independently 
of 
the 
.TFCOND 
instruction 
and 
Ix 
Switch 
described 
later . 


•SFCOND 
instruction 
The 
.SFCOND 
instruction 
conditional 
block 
which 
was 


is 
for 
suppressing 


evaluated 
as 
false. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
---------------1----------------------1---------------------- 
{Symbol:{:}} 
I 
.SFCOND 
I 
Blank 


When 
the 
list 
output 
is not 
made, 
this 
instruction 
becomes 
invalid. 


This 
instruction 
operates 
independently 
of 
the 
.TFCOND 
instruction 
and 
Ix 
Switch 
described 
later. 


(11) 
.TFCOND 
instruction 


The 
.TFCOND 
instruction 
is 
for 
inversing 
the 
state 
of 
the 
output 


decided 
by 
the presence 
of Ix 
Switch 
to the conditional 
block 
evaluated 
as 
false. 
The Ix 
Switch 
is a 
switch 
specified 
at 
time 
of 
input 
of 
the 


assembler 
command 
and 
sets 
the 
initial 
state 
so 
as 
to 
suppress 
the 
output 
of 
the conditional 
block 
evaluated 
as 
flase 
to the assembler. 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
1 
.TFCOND 
1 
Blank 


This 
instruction 
operates 
independently 
of 
the ".LFCOND" 
and 
".SFCOND". 


The 
state 
of 
the 
decided 
output 
is 
inversed 
by 
the 
.TFCOND 
instruction 


just 
before 
this 
instruction. 


.TFCOND 
(a) 


COND 
0 
DEFB 
Xl 
ENDC 
.TFCOND 
(b) 
COND 
0 
DEFB 
X2 
ENDC 
.TFCOND 
(c) 
COND 
0 
DEFB 
X3 
ENDC 
.LFCOND 
(d) 
COND 
0 
DEFB 
X4 


ENDC 


MACBO-99 


·SFCOND 
(e) 
COND 
0 
DEFB 
X5 
ENDC 
.TFCOND 
(f) 
COND 
0 
DEFB 
X6 
ENDC 
END 
If 
the above 
are 
assembled 
without 
Ix 
Swtich, 
the 
results 
are 
shown 
as 


below . 
.TFCOND 
(a) 
COND 
0 
ENDC 
.TFCOND 
(b) 


COND 
0 
DEFB 
X2 
ENDC 
.TFCOND 
(c) 


COND 
0 
ENDC 
.LFCOND 
(d) 
COND 
0 
DEFB 
X4 
ENDC 
.SFCOND 
(e) 
COND 
0 
ENDC 
.TFCOND 
(f) 
COND 
0 
DEFB 
X6 
ENDC 
END 
If 
the 
above 
are 
assembled 
with 
Ix 
Swtich, 
the 
results 
are 
shown 
as 


below . 
•TFCOND 
COND 
DEFB 
ENDC 
.TFCOND 
COND 
ENDC 
.TFCOND 
COND 
DEFB 
ENDC 
.LFCOND 
COND 
DEFB 
ENDC 
.SFCOND 
COND 
ENDC 


.TFCOND 
COND 
ENDC 
END 


(a) 
On 
the 
conditional 
block 
which 
was 
evaluated 
as 
flase, 
when 
it 
has 
no 
Ix 
switch, 
it 
suppresses 
the 
output 
of 
a 
list; 
when 
it 
has 
Ix 
switch, 


it outputs 
a list. 
(b) 
The 
status 
decided 
by 
(a) on 
the 
list 
output 
is inversed. 
(c) 
The 
status 
decided 
by 
(b) on 
the 
list 
output 
is inversed. 


(d) 
The 
list 
of 
the 
conditional 
block 
evaluated 
as 
flase 
at 
all 
times 
is 
output 
indpendent ly of 
the ".TFCOND" 
or 
the Ix 
swi tch. 
(e) 
The 
list 
of 
the 
conditional 
block 
evaluated 
as 
flase 
at 
all 
times 
is 


suppressed 
indpendently 
of 
the ".TFCOND" 
or 
the Ix 
switch. 
(f) 
The 
status 
decided 
by 
(c) on 
the 
list 
output 
is 
inversed 
independently 


of 
the 
status 
decided 
by 
the "LFCOND" 
in 
(d) or 
the ".SFCOND" 
in 
(e). 


(12) 
.LALL 
instruction 
The 
.LALL 
instruction 
is 
for 
outputting 
all 
the 
lists 
including 
the 


lines 
not 
generating 
objects, 
when 
the 
lists 
of 
the 
expanded 
parts 
of 


the macro 
and 
repetition 
instruction 
is output. 


Name 
field 
I Operating 
code 
field 
I 
Operand 
field 


---------------1----------------------1---------------------- 


{Symbol:{:}} 
1 
.LALL 
I 
Blank 


.SALL 
instruction 
The 
.SALL 
instruction 
is 
for 


generated 
source 
statement 
and 


the 
lists 
of 
the expanded 
parts 
is output. 


suppressing 
the 
outputs 
of 
all 
the 


the 
object 
lists 
to 
accompany 
it, 
when 
of 
the macro 
and 
repetition 
instruction 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 


---------------1----------------------1---------------------- 
{Symbol:{:}} 
t 
.SALL 
I 
Blank 


.XALL 
instruction 


The 
.XALL 
instruction 
is 
for 
outputting 
the 
source 
statements 
objects 
to the 
lines 
only 
generating 
the objects, 
when 
the 
lists 
of 


expanded 
parts 
of 
the macro 
and 
repetition 
instruction 
is output. 


Name 
field 
1 
Operating 
code 
field 
1 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
1 
.XALL 
t 
Blank 


Even 
unless 
particularly 
specified, 
the 
assedmbler 
considers 
the 
.XALL 
to be automatically 
at 
the 
top 
of 
the 
source 
program. 


(15) 
.CREF 
instruction 
and 
.XCREF 
instruction 
The 
.CREF 
instruction 
is 
for 
outputting 
the 
list 
to 
the 
file 
for 
cross 


reference. 
The 
.XCREF 
instruction 
is 
not 
for 
outputting 
the 
list 
to 


the 
file 
for 
cross 
reference. 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
1 
.CREF 
1 
Blank 


Name 
field 
I 
Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
1 
.XCREF 
I 
Blank 


Even 
unless 
particularly 
specified, 
the 
assedmbler 
considers 
the 


".CREF" 
to 
be 
automatically 
at 
the 
top 
of 
the 
source 
program. 


When 
the 
output 
of 
a 
file 
for 
cross 
reference 
is 
not 
directed, 
these 


instructions 
become 
invalid. 
The 
file 
for 
cross 
reference 
is 
created 
by 
specifying 
the Ic 
switch 
at 
assembling. 


(16) 
INCLUDE 
instruction 


The 
INCLUDE 
instruction 
is 
for 
reading 
a 
source 
program 
from 
another 
file 
specified 
during 
the 
program 
including 
this 
instruction 


Name 
field 
1 
Operating 
code 
field 
I 
Operand 
field 
---------------1----------------------1---------------------- 


{Symbol:{:}} 
I 
INCLUDE 
1 
File 
name 


A 
source 
program 
is 
read 
in 
the 
file 
specified 
as 
an 
input 
file 
from 
an 
external 
fiel 
specified 
by 
the 
INCLUDE 
instruction. 


The 
specified 
file 
is 
read 
between 
the 
line 
including 
the 
"INCLUDE" 
and 
the 
next 
line. 
The 
file 
name 
is 
specified 
in 
the 
format 
of 
"Drive 
name: 
File 
main 
name 
. 
Extension". 
The 
drive 
name 
and 
extension 
can 
be 
ommitted. 
When 
they 
ate 
ommitted, 
they 
are 
regarded 
as 
log-in 
drive 
and 
.MAC. 


A 
text 
in 
the 
external 
file 
must 
be 
a 
pertinent 
one 
as 
an 
group 
of 
source 
programs. 
All 
codes 
from 
the 
beginning 
code 
to 
EOF 
code 
in 
external 
texts 
have 
been 
already 
taken 
in. 
Any 
selective 
control 
of 
taking 
in 
codes 
from 
external 
files 
can 
not 
be 
made. 
It 
cannot 
be 
made 
to 
include 
(nest) 
the 
INCLUDE 
instruction 
in 
a 
file 
specified 
by 
the 
INCLUDE 
instruction. 


It 
cannot 
be 
made 
to 
describe 
the 
END 
instruction 
in 
a 
program 
taken 
in 
by 
the 
INCLUDE 
instruction. 


The 
macro 
assembler 
package 
(hereinafter 
referred 
to 
as 
assembler 
package) 
SWS034 
conta ins 
MACRO-SO 
Macro 
Assemb 
ler, 
LINK-SO 
Link 
Loader, 
CREF-SO 
Cross 
Reference, 
and 
LIB-SO 
Library 
Manager. 
This 
assembler 
package 
is 
a 
system 
for 
developing 
eKecutable 
files 
by 
assembling 
and 
link 
loading 
a 
source 
program 
written 
in 
the 
TLCS-ZSO 
assembly 
language. 
The 
principal 
functions 
of 
these 
programs 
are 
as 
follows: 


(1) 
The 
MACRO-SO 
Macro 
Assembler 
(hereinafter 
referred 
to 
as 
MACRO-SO) 
is 
a 
system 
that 
operates 
a 
program 
written 
1n 
the 
TLCS-ZSO 
assembly 


language 
on 
the 
CP/M 
(e.g., 
Toshiba's 
Microcomputer 
Application 


Development 
System 
TDSSOOA) 
and 
converts 
it 
to 
a 
relocatable 


intermediate 
objec t. 
This 
intermedia 
te 
ob jec t 
fi Ie, 
however, 
is 
in 
non-eKecutable 
format. 


(2) 
The 
LINK-SO 
Link 
Loader 
(hereinafter 
referred 
to 
as 
LINK-SO) 
link 
loads 
plural 
intermediate 
object 
files 
and 
creates 
eKecutable 
object 
files 
(COM 
fiLes) 
on 
the 
CP/M 
operating 
system. 
In 
addition, 
this 
link 
loader 
generates 
files 
in 
iHEX 
format 
(HEX 
files) 
when 
specified. 
(3) 
The 
CREF-SO 
Cross 
Reference 
(hereinafter 
referred 
to 
as 
CREF-SO) 
is 
used 
to 
create 
cross 
reference 
files. 


(4) 
The 
LIB-SO 
Library 
Manager 
(hereinafter 
referred 
to 
as 
LIB-SO) 
is 
used 


to 
create 
new 
library 
files 
from 
plural 
intermediate 
object 
files 
or 
modules 
in 
the 
eKisting 
library 
files. 


Use 
of 
this 
assembler 
package 
allows 
that 
each 
module 
in 
a 
program 
is 
corrected 
and 
assembled. 


That 
module 
is 
used 
in 
other 
programs. 


Further, 
the 
programs 
contained 
in 
this 
assmelber 
package 
are 
stored 
in 


the 
absolute 
object 
format 
with 
the 
following 
names: 
MSO.COM 
(MACRO-SO 
Macro 
Assembler) 
LSO.COM 
(LINK-SO 
Link 
Loader) 
CREFSO.COM 
(CREF-SO 
Cross 
Reference) 
LIBSO.COM 
(LIB-SO 
Library 
Manager) 
When 
the 
file 
names 
of 
the 
above 
programs 
become 
necessary 
in 
eKplaining 
executiuon 
commands 
in 
this 
manual, 
the 
above-stated 
titles 
are 
used. 


Further, 
for 
the 
definite 
form 
of 
supply 
of 
this 
Assembler 
Package 
SW8034 
, 
refer 
to 
Toshiba's 
SW8034 
Operation 
Manual. 


8.1 
Operating 
environment 


Sizes 
of 
memory 
on 
the 
CP/M 
system 
requried 
by 
the 
softwares 
of 
the 
assembler 
package 
are 
as 
follows: 
MACRO-80 
19K 
bytes 
+ 4K 
bytes 
(buffer) 


LINK-80 
14K 
bytes 


CREF-80 
6K 
bytes 


LIB-80 
SK 
bytes 
To 
use 
the 
system 
of 
this 
assembler 
package, 
29K 
bytes 
of 
memory 
is 
minimum 
required 
including 
the 
CP/M 
system 
resident 
area 
(about 
6K 
bytes 
as 
the 
standard). 


Further, 
size 
of 
memory 
area 
into 
which 
programs 
can 
be 
loaded 
using 
the 
LINK-80 
is 
that 
obtained 
by 
eKcl.uding 
the 
system 
resident 
area 
and 
area 
required 
by 
LINK-80 
software 
from 
the 
entire 
memory. 


The 
state of 
input/output 
of 
files handled 
in 
this 
program 
is 
shown 
in 
Fig. 8.l. 


(1) 
Source program 
A file in which a source program is stored must be ASCII coded diskette 
files that can be handled by the CP/M text editor. 
Max. 
131 characters 


up to <CR> 
(carriage 
return) and 
<LF> 
(line feed) 
(excluding 
<CR> and 
<LF» 
are effective 
for one line and correspond 
to one statement of the 
source program. 
Further, 
the source program must be written 
according 


to the TLCS-Z80 assembly 
language describing 
rules. 


(2) 
Assembler 
list file 


The assemble 
list file is output 
to a diskette, 
console 
or list output 
device by the assembler. 
The assemble 
list file consists of a program 
list 
on 
which 
each 
statement 
of 
the 
source 
program 
corresponded 
to 


memory 
address, 
object 
code, 
etc. 
and 
a 
symbol 
list 
on 
which 
values 
corresponded 
to symbolos defined in the source program. 


(3) 
Intermediate 
object file 
Unless 
otherwise 
specified, 
this object 
file is saved 
in a diskette. 


This file is in non-executable 
format. 
(4) 
File for cross reference 
It 
is 
a 
special 
list 
file 
inserted 
with 
control 
charactgers 
for 
creating the cross reference 
list file. 


(5) 
Executable 
object files 
The COM file that can be called 
and 
executed 
by 
the main 
filename 
for 


the CP/M operating 
system. 
This file can be saved in a diskette. 
(6) 
Hexadecimal 
format object file 


This 
is an iHEX format file and is sved in a diskette. 
This 
file can 


be 
used, 
for 
example, 
as 
the 
memory 
input 
file 
of 
Toshiba's 
RTE80 
system and the actual TLCS-z80 system. 


(7) 
Symbolic debugger file 
This 
is a symbol file used by Toshiba's 
RTE80 
system 
and 
the symbolic 
debugger ZSID of Digital Ressarch Inc .• 
(8) 
Cross reference 
list file 


The 
cross 
reference 
list file is assigned 
with 
cross 
reference 
number 
and output 
to a diskette, 
console 
or 
list output 
device. 
Symbols 
are 
listed in the end of 
the program 
list in alphabetical 
order with 
line 


No. 
of a 
line where 
the 
reference 
and 
definition 
of 
the 
symbols 
are 
listed. 
Line No. of a line where a symbol is defined 
is given with the 
symbol "fI". 
(9) 
Library 
file 
This 
file 
is 
created 
by 
collecting 
modules 
contained 
in 
several 
intermediate object files and existing 
library files, and is saved in a 


diskette. 


8.3 
MACRO-80 Macro assembler 
The 
MACRO-80 
Macro 
assembler 
assembles 
a 
program 
written 
in 
TLCS-z80 
assembly 
language through a system operating on the CP/M (e.g., Toshiba's 


TDS800A) • 
During 
this assembly, 
the expansion 
by 
the mac ro instruction 
or repetition 
instruction 
is also 
carried 
out. 
This 
assembler 
operates 
on the CP/M operating 
system and resides in a memory of about 19K bytes. 


This assembler performs 
the assembly at a rate of about 
1,000 linies per 


minute. 


Parts within program modules 
or one module are assembled under anyone 
of 
absolute, data relocatable, 
code relocatable 
or common modes. 


1 
MACRO 
LIBRARY 
FILE 
( .MAC) 


1 
I 


1 
1 
_ 


1 


••••••••••••• 
1 
LI B-80 
:<----1 


: ••••••••••• 
: 
I 


1 


1 (9) 


1 
LIBRARY 
1 
FILE 
1 


(.REL) 
I 
____ 
I 


CP/M 
EDITOR 


(1) 
I 
SOURCE 
FILE 
1 
(.MAC) 
I 


I 
...... ~.... ~}) 


MACRO-80 


I 
I 
INTER- 
MEDIATE 
OBJECT 
1 
FILE( .REL) I 
I 


1 


: 
:--1- 


1 


1 
I 


1 


1 


1 
I 
I 
I 


(5) 


1 
EXECUT- 
1 


ABLE 
1 
OBJECT 
1 
FILE 
1 
(.COM) 
1 


__ 
~ 
I 


I 


->1 


1 
1 
I 
I 


1 
I 


1 


1 
1 
->1 


1 


(2) 
ASSEMBLE 
1 
LIST 
FILE 
1 
(.PRN) 
I 


(4) 
FILE 
FOR 
1 
CROSS 
I 
. 
REFERENCE 
1--->: 
CREF-80 
(.CRF) 
I 
: ••••••••••• 
: 


(6) 


1 


HEXA- 
1 
DECIMAL 
I 


OBJECT 
1 
FILE 
I 
(.HEX) 
1 


____ 
I 


(7) 


1 
SYMBOLIC 
I 
DEBUGGER 
1 


FILE 
1 
(.SYM) 
I 


(8) 
I 


CROSS 
1 


REFERENCE 
I 
FILE 
1 


(.PRN) 
I 


___ 
I 


To 
which 
mode 
it 
belongs 
lS 
specified 
at 
the 
stage 
where 
the 
source 


program 
is 
created. 
(Refer 
to 
5.4 
Location 
Counter 
Control 
Instruction) 


The 
code 
of 
the 
absolute 
mode 
is 
assembled 
at 
the 
fixed 
address 
in 
memory 
and 
the 
codes 
of 
other 
modes 
are 
assembled 
from 
address 
0 
of 
the 


respective 
segment. 
Addresses 
in 
each 
segment 
are 
relocatable 
addresses 


and 
are 
converted 
into 
actual 
fixed 
addresses 
when 
loaded 
by 
the 
LINK-80 
Link 
Loader. 
The 
MACRO-80 
is 
thus 
a 
relocatable 
macro 
assembler. 
The 
intermediate 
object 
file 
created 
as 
s 
result 
of 
the 
assembly 
can 
be 


saved 
in 
a 
disk. 
This 
file, 
however, 
is 
non-executable. 
This 
file 
is 


converted 
into 
an 
executeable 
file 
only 
after 
processed 
by 
the 
LINK-80. 
In 
addition, 
the 
creation 
of 
the 
assemble 
list 
file 
and 
cross 
reference 


file 
is 
available 
as 
the 
function 
of 
this 
assembler. 


The 
MACRO-80 
is 
a 
two-pass 
assembler. 
During 
the 
first 
pass, 
the 
assembler 
evaluates 
program 
statements, 
calculates 
the 
amount 
of 
code 
it 


will 
generate, 
builds 
a 
symbol 
table 
where 
all 
symbols 
are 
assigned 
values, 
and 
expands 
macro 
call 
statements. 
During 
the 
second 
pass, 
the 


assembler 
obtains 
values 
of 
symbols 
and 
expressions 
using 
the 
symbol 
table 
created 
during 
the 
first 
pass, 
and 
expands 
the 
macro 
call 
statements 
again 
and 
creates 
relocatable 
object 
files. 
The 
MACRO-80 


checks 
values 
of 
symbols, 
expressions, 
macro, 
etc. 
in 
the 
first 
and 
second 
passes. 
If 
the 
value 
of 
second 
pass's 
symbol 
is 
differ 
from 
the 
value 
of 
first 
pass's 
symbol, 
an 
error 
is 
generated. 


Before 
the 
MACRO-80 
is 
started, 
a 
diskette 
containing 
the 
MACRO-80 
program 
(M80. 
COM 
in 
this 
manual) 
and 
the 
source 
files 
to 
be 
assembled 


must 
have 
been 
inserted 
into 
the 
disk 
drive. 


8.3.1 
Assemble 
command 
The 
assemble 
command 
is 
explained 
in 
the 
following. 


The 
explanation 
will 
be 
made 
by 
assuming 
that 
M80.COM, 
the 
executiuon 
file 
of 
the 
MACRO-80, 
has 
been 
saved 
in 
a 
system 
diskette 
which 
is 
set 
in 
the 
log-in 
drive 
A. 


(1) 
Command 
input 
method 
The 
MACRO-80 
execution 
command 
is 
specified 
by 
the 
start 
command 
that 
calls 
the 
MACRO-80 
and 
the 
internal 
command. 
There 
are 
two 
input 
methods; 
one 
is 
a 
method 
to 
input 
both 
the 
start 
command 
and 
the 


internal 
command 
in 
one 
line, 
and 
the 
other 
is 
a 
method 
to 
input 
each 


of 
them 
separately. 


A 
> M80 
Internal 
Command 
<CR> 
(a) 


A 
> M80 
<CR> 


* 
Internal 
Command 
<CR> 
(b) 


(a) 
The 
start 
command 
and 
internal 
command 
are 
input 
in 
one 
line. 
After 


the 
end 
of 
assemble, 
the 
assembler 
returns 
to 
the 
CpIM 
operating 
system. 


(b) 
After 
the 
MACRO-80 
is 
called 
by 
the 
start 
command, 
the 
asterisk 
(*) 
indicating 
the 
internal 
command 
waiting 
state 
is 
outputted 
and 
the 
assembler 
is 
placed 
in 
the 
internal 
command 
waiting 
state. 
The 
internal 
command 
is 
inputted 
in 
ont 
line. 
Therefore, 
it 
is 
possible 
to 
assemble 
plural 
source 
programs 
without 
calling 
the 
MACRO-80 
many 
times. 
To 
end 
the 
MACRO-80 
and 
return 
to 
the 
CpIM 
operating 
system, 


input 
the 
control 
C 
«cC». 


(2) 
Format 
of 
internal 
command 


{objectH,list}=source 
Iswitch 
•.• /z 
•. /switch} 


object 
{Drive 
name: }{Internediate 
object 
file 
main 
name 


{ .Extension}} 
list 
{Drive 
name: }{Assemble 
list 
file 
main 
name 
{.Extension}} 


or 
output 
device 
name: 
source 
{Drive 
name:} 
Source 
file 
main 
name 
{.Extension} 
or 
input 
device 
name: 


(3) 
Function 
of 
command 
The 
MACRO-80 
assembles 
the 
content 
of 
disk 
dreive 
file 
specified 
by 


Ilsourcell 
or 
input 
from 
the 
input 
device 
as 
a 
source 
program. 
The 


intermediate 
object 
is 
output 
to 
the 
file 
of 
a 
drive 
specified 
by 


"object". 
Further, 
the 
assemble 
list 
is 
output 
to 
the 
file 
of 
a 
drive 


specified 
by 
"list" 
or 
the 
outpt 
device. 
To 
specify 
"list", 
a 
comma 


(,} 
is 
always 
needed 
just 
before 
it. 
However, 
when 
the 
/C 
switch 
(creating 
of 
the 
cross 
reference 
file) 
is 
specified, 
no 
assemble 
list 


is 
created 
even 
when 
"list" 
is 
specified. 


When a filename 
is 
specified 
in 
lIobject", 
"list" 
or 
"source", 
a drive 


name 
and 
extension 
can 
be 
omitted. 
If 
the 
drive 
name 
of 
"source" 
is 
omitted, 
it 
is 
regarded 
that 
the 
log-in 
drive 
has 
been 
specified. 
If 
the 
drive 
names 
of 
"object" 
and 
"list" 
are 
omitted, 
it 
is 
regarded 
that 
the 
same 
drive 
as 
that 
of 
the 
source 
file 
has 
been 
specified. 
Further, 


if 
the 
extension 
of 
each 
filename 
is 
omitted, 
it 
is 
regarded 
that 
the 


following 
specifications 
have 
been 
made: 
Source 
file 
.MAC 
Intermediate 
objec 
file 
•••• 
.REL 
Assemble 
list 
file 
.PRN 
Each 
extension 
is 
specified 
within 
3 
characters. 
It 
is 
possible 
to 


omit 
filenames 
for 
"object" 
and 
"listll 
and 
specify 
only 
a 
drive 
name. 
In 
this 
case, 
files 
with 
the 
same 
main 
filename 
as 
that 
of 
the 
source 
file 
and 
the 
extensions 
.REL 
and 
.PRN, 
respectively 
are 
created 
in 
the 
specified 
drive. 
However, 
the 
entire 
source 
filename 
cannot 
be 
omitted. 
The 
following 
I/O 
devices 
can 
be 
specified 
as 
"list" 
and 
"source": 


Device 


High 
speed 
reader 
Console 
screen 
or 
keyboard 
Line 
printer 


ISpecifiable 
parameterl 


I 
source 
I 


I 
list, 
source 
I 


I 
list 
I 


ISpecificationl 
I 
HSR: 
I 
I 
TTY: 
I 
I 
LST: 
I 


To 
specify 
TTY: 
as 
"source", 
it 
is 
necessary 
to 
take 
the 
following 
care. 
That 
is, 
END 
statement 
must 
be 
input 
as 
the 
first 
input. 


Further, 
as 
the 
input 
statement 
is 
processed 
in 
the 
second 
pass 
state, 
symbols 
that 
have 
not 
been 
defined 
before 
the 
input 
statement 
cannot 
be 


referred 
to. 
This 
specification 
is 
used 
to 
check 
the 
syntax 
errors 
of 


the 
statement. 
According 
to 
the 
input 
method 
of 
the 
internal 
command, 
it 
is 
possible 


to 
omit 
specification 
of 
object 
and 
list 
and 
to 
specify 
their 
creation. 


(a) 
To 
creat 
the 
intermediate 
object 
file 
only: 
{object}=source 
{ /switch 
•.. /Z 
••/switch} 
The 
assemble 
list 
file 
is 
not 
created. 
If 
"object" 
is 
omitted, 
the 


intermediate 
object 
file 
having 
the 
same 
main 
filename 
as 
the 
source 


file 
and 
the 
extensions 
.REL 
is 
created 
in 
the 
same 
drive 
as 
the 
source 


file. 


However, 
created 
swi tch. 


the 
/L 


force. 


switch 
Refer 


specified, 
the 
assemble 
list 
8.3.2 
Assembler 
switches 
for 
fi le 


the 


(b) 
To 
create 
the assembler 
list 
only: 
.1ist=sourceUswitch 
../z 
•• /switch} 
The 
intermediate 
object 
file 
is not 
reated. 
If a 
filename 
is specified 
for 
list, 
the assemble 
list 
file 
is created 
in the 
specified 
drive. 
If 
an 
output 
device 
is 
specified, 
the 
assemble 
list 
is 
output 
to 
that 
device. 
The 
specification 
of 
list 
cannot 
be 
omitted 
in 
this 
method 
of 
use. 
However, 
if 
the 
IR 
is 
specified 
as 
the 
switch, 
an 
intermediate 
object 
file 
is created 
by 
force. 
Refer 
to 8.3.2 
Assembler 
switches 
for 
the IR 
swi tch. 


(c) 
To 
create 
neither 
the 
intermediate 
object 
file 
nor 
assemble 
list 
file: 
,=source{/switch/z 
.../switch} 
Neither 
the 
intermediate 
object 
file 
nor 
the 
assemble 
list 
file 
are 


crea ted. 
If, 
however, 
the 
swi tches 
IR 
and 
IL 
are 
spec ified, 
the 
intermediate 
object 
file 
and 
the 
assemble 
list 
file 
are 
created 
by 
force, 
respectively. 
Refer 
to 
8.3.2 
Assebmler 
switches 
for 
these 
switches. 
The 
switches 
are 
used 
to control 
the 
assembler. 
If 
not 
required, 
they 
can 
be omitted. 
However, 
when 
the 
.Z80 
instruction 
is not 
described 
in 
front 
of 
the 
source 
program, 
the 
Iz 
switch, 
specifying 
the 
TLCS-Z80 
machine 
instructuion, 
must 
be always 
input. 


8.3.2 
Assemble 
switch 


The 
switch 
specifies 
the 
optional 
function 
at 
time 
of 
assembling 
by 


being 
added 
after 
the 
command. 
The 
switch 
consists 
of 
one 
alphabetic 


character. 
The 
slash 
(n 
must 
be 
placed 
before 
the 
switch. 
It 
is 


possible 
to 
add 
plural 
switches 
to 
one 
command, 
but 
in 
this 
case 
the 
slash 
(I) must 
be 
also 
placed 
before 
individual 
switch. 
The 
switches 
usable 
by 
the MACRO-80 
are 
as 
shown 
in Table 
8.1. 


Function 
I 
Each 
address 
on 
the assembly 
list 
is represented 
by 
octal 
1 


I 
number. 
1 
1-------- -----------------------------------------------------------------1 


I 
IH 
Each 
address 
on 
the assembly 
list 
is represented 
by hexadecimal 
1 
I 
number. 
This 
is an 
initialization 
switch. 
When 
the 10 
switch 
I 


1 
is not 
available, 
this 
swirch 
is considered 
to have 
been 
spec- 
1 


1 
ified. 
I 


1-------- -----------------------------------------------------------------1 


1 
IR 
This 
switch 
is forced 
to have 
the 
same 
main 
filename 
as 
that 
I 


1 
of 
the 
source 
file, 
and 
creates 
the 
intermediate 
object 
file, 
I 


1 
of which 
the 
extension 
is 
. REL, 
in 
the 
same 
drive 
as 
that 
of 
I 


1 
the 
source 
file. 
1 


1--------1-----------------------------------------------------------------1 


I 
IL 
I 
This 
switch 
is 
forced 
to have 
the 
same 
main 
filename 
as 
that 
1 


1 
1 
of 
the 
source 
file, 
and 
creates 
the assemble 
list 
file, 
of whichl 
lithe 
extension 
is 
.PRN, 
in the 
same 
drive 
as 
that 
of 
the 
source 
I 


1 
1 
file. 
I 


Switch 
10 


Function 
1 


This 
switch creates a file for cross reference used by the CREF-I 


80 in the same drive as that of the source file. 
This file has 
1 
the same main filename as that of the source file and its ex- 
1 
tension is .CRE. 
However, when this switch is specified, even 
if ,list or /L switch is specified, any assembling 
list is not 
created. 
When a cross reference list file is created by use of 
lithe 
CREF-80, 
this switch must be specified without 
fail. 
Refer 
lito 
8.5 CREf-80 cross reference 
for the details of the CREf-80. 
I 
1-------- -----------------------------------------------------------------1 
I 
/Z 
This switch directs 
to that the TLCS-ZaO 
instruction code is 
I 


I 
assembled. 
Whenever 
the .zao assembler 
directives are not 
1 


1 
placed at the top of the source program, this switch is input. 
1 
1-------- -----------------------------------------------------------------1 


1 
/p 
Whenever 
this switch is specified, 
it expands 
the stack area 
1 


1 
used at assembling by 256 bytes. 
For example, when this switch 
I 


1 
is specified by two, the 512-byte stack results in being ex- 
1 


1 
panded. 
This 
switch is used only when a stack overflow error 
I 


I 
has been produced. 
I 


1-------- -----------------------------------------------------------------1 
I 
/M 
This switch initializes zero (0) in the data area defined by 
I 


1 
the DEFS instruction. 
Unless 
the /M switch has been specified, 
I 


1 
zero (0) is not initialized 
in this data area and the contents 
I 


1 
remain unsettled. 
However, when an initialized value has been 
1 


1 
specified by the DEFS instruction, 
the initialized value gets 
1 


I 
in the area, and the /M switch does not operate. 
1 


1-------- -----------------------------------------------------------------1 


1 
/X 
This switch directs to suppress the list output of the condi 
1 


1 
tional block determined 
to be flase by the assembling 
con- 
I 


1 
ditional instruction. 
Unless 
this switch is available, 
the 
I 


1 
list output of the false conditional 
instruction 
is made. 
The 
1 


1 
/X switch is often used together with the .TfCOND instruction. 
1 


1 
Refer to the paragraph of 7.2 Assembler 
I/O control instruction. 1 


Switch 
/C 


8.3.3 
Message 


When 
assembling 
is 
completed, 
in 
any 
case 
the 
assembler 
outputs 
the 


following message. 


{xx} or {NO} 
Fatal error(s) {,yy Warning(s)} 
If there are errors in the program, {xx} and {,yy Warning(s)} 
are output. 
xx denotes 
the number 
of error 
(Fatal error) 
related 
to the describing 


method, and yy denotes the number of warning 
error. 
If there is no error 
in the program, "NO Fatal error(s)" 
is output. 


8.3.4 
Examples 
of command input 


In all 
the cases, 
the 
.zao instruction 
is considered 
to be 
described 
at 


the top of source file (TEST.MAC) at all times. 
(Example I) 
A)M80 
=TEST (CR) 


The 
source 
file 
TEST.MAC 
of 
the 
log-in 
drive 
A 
is 
assembled. 
An 


intermediate 
object 
file is created 
in the TEST.REL 
of 
the drive A, 
but 
any assembly 
list file is not created. 
The error 
list and error message 
only are output to the console. 
(Example 2) 
A)M80 
,=TEST(CR) 


The source file TEST.MAC of the log-in drive A is assembled. 


Neither 
an 
intermediate 
object 
file 
nor 
an assembly 
list 
file 
is created. 
The 
error 
list 
and 
error 
message 
only 
are 
output 
to the console. 


(Example 
3) 
A)SO 
OBJECT,LITS=B:TEST 
<CR) 


The 
source 
file 
TEST.MAC 
of 
the 
drive 
B 
is 
assembled. 
The 
intermediate 


obct 
file 
OBJECT.REL 
and 
assembly 
list 
file 
LIST.PRN 
are 
created 
in 
the 


drive 
B. 
The 
error 
list 
and 
error 
messge 
only 
are 
output 
to the console. 


(Example 
4) 
A)MSO 
<CR) 
(a) 
* 
,TTY:=TEST 
<CR) 
(b) 
* =B:TEST/L 
<CR) 
(c) 
* =B:TEST 
<CR) 
(c) 


(a) 
The 
MACRO-SO 
is 
started. 
The 
asterisk 
(*) representing 
the wait 
state 


of 
the 
internal 
command 
is returned. 


(b) 
The 
TEST.MAC 
of 
the 
log-in 
drive 
A 
is 
assembled, 
and 
the 
list 
file 
is 
outputted 
to 
the 
console. 
Neither 
an 
intermediate 
object 
file 
nor 
an 
assembly 
list 
file 
is created 
on 
the disk. 


(c) 
The 
source 
file 
TEST.MAC 
of 
the drive 
B 
is assembled. 
The 
intermediate 


object 
file 
TEST.REL 
is created 
in 
the 
drive 
B, 
and 
the 
assembly 
list 
file 
TEST.PRN 
is forced 
to be created 
in the drive 
B by 
the /L 
switch. 
The 
error 
list 
and 
error 
message 
only 
are 
output 
to the console. 


(d) 
The 
source 
file 
TEST.MAC 
of 
the 
log-in 
drive 
B 
is 
assembled. 
The 


intermiate 
object 
file 
TEST.REL 
is 
created 
in 
the 
drive 
B, 
but 
an 
assembly 
list 
file 
is 
not 
created. 
The 
error 
list 
and 
error 
message 
only 
are 
outputted 
to 
the console. 


S.3.5 
Files 
created 
by 
assembler 


The 
MACRO-SO 
creates 
the 
following 
files 
which 
are 
saved 
in 
teh diskette. 


Kinds 
of 
file 


Intermedaite 
object 
file 
Assembly 
list 
file 


File 
for cross 
reference 


Default 
Extension 
.REL 
.PRN 
.CRF 


The 
intermediate 
object 
file 
cannot 
execute 
by 
itself, 
and 
becomes 
an 
executable 
fiIe 
by 
passing 
through 
the 
LINK-SO. 
The 
fiIe 
for 
cross 


reference 
is 
a 
file 
for 
inputting 
to 
CREF-SO 
for 
outputting 
the 
cross 


reference 
list 
by 
the CREF-SO. 


S.3.6 
Assembly 
list 
output 


The 
assembler 
outputs 
the 
program 
list 
which 
machine 
codes, 
address 


information 
and 
flags 
indicating 
error 
state, 
etc. 
after 
assembling 
are 


edited 
and 
the 
list 
of 
macro 
names 
and 
symbols 
used 
in 
the 
application 
program. 


(1) 
Program 
list 


The 
program 
list 
is 
a 
list 
indicating 
the 
assembled 
results 
to 
the 


programmer 
by 
outputting 
addresses 
or 
machine 
codes 
assigned 
to 
each 


source 
setment 
correspondingly. 
The 
headlines 
in 
the 
following 
form 
are 
outputted 
to the 
first 
two 
lines 
on each 
page 
of 
the 
program 
list. 


{Title} 
MACRO-SO 
Z.ZZ 
PAGE 
X 
{Subti tIe} 


(a) 
Title 
The 
character 
string 
specified 
by 
the 
TITLE 
instruction 
is 
outputted 
as 
the 
title. 
If 
the 
TITLE 
instruction 
is 
not 
specified, 
a 
blank 
character 
(blank) 
is 
outputted. 


(b) 
Z.ZZ 
The 
version 
of 
the 
MACRO-SO 
is 
outputted. 
(c) 
PAGE 
X 
X 
denotes 
page 
number 
(decimal 
notation). 
The 
number 
of 
print 
lines 


per 
page 
are 
specified 
by 
the 
PAGE 
instruction 
in 
the 
source 
program. 
If 
the 
PAGE 
instruction 
is 
not 
available, 
the 
50 
lines/page 
of 
intialization 
value 
are 
considered 
to 
have 
been 
specified. 


(d) 
Subtitle 
The 
character 
string 
specified 
by 
the 
SUBTTL 
instruction 
is 
outputted 


at 
the 
subtitle. 
If 
the 
SUBTTL 
instruction 
is 
not 
specified, 
a 
blank 


character 
(blank) 
is 
outputted. 
Further, 
even 
if 
the 
subtitle 
has 
been 


specified 
by 
the 
SUBTTL 
instruction 
in 
the 
source 
file, 
any 
subtitle 
lS 


not 
outputted 
to 
the 
top 
of 
the 
first 
page 
of 
the 
list 
file. 
(e) 
Program 
list 


Each 
line 
of 
the 
program 
list 
consists 
of 
the 
five 
elements 
of 
1] 
error 
flag, 
2] 
location 
counter 
and 
its 
mode 
representation, 
3] 
object 
code 


and 
its 
mode 
representatikon, 
4] 
expansion 
symbol, 
and 
5J 
source 


statement. 
In 
the 
program 
list, 
the 
statement 
of 
a 
maximum 
of 
131 
characters 
per 
line 
is 
effective, 
and 
the 
statement 
of 
more 
than 
those 


characters 
is 
ignored. 
The 
mode 
of 
a 
list 
is 
as 
follows: 


3 
9 
11 
22 
26 
27 
23 


I 
11 


1] 
Error 
flag 
The 
error 
flag 
is 
outputted 
if 
the 
line 
has 
errors 
and 
the 
blank 
is 


outputted 
if 
the 
line 
has 
no 
error. 
2] 
Location 
counter 
and 
its 
mode 
representation 


Each 
segment 
location 
of 
the 
object 
code 
is 
represented; 
however, 
when 
a 
symbol 
is 
defined, 
the 
assigned 
location 
counter 
or 
value 
is 
repre- 
sented. 
If 
the 
/0 
switch 
has 
been 
specified 
at 
assembling, 
the 
loca- 
tion 
counter 
of 
six 
octal 
digits 
and 
mode 
representation 
symbols 
are 


outputted. 
If 
the 
/H 
switch 
or 
nothing 
has 
been 
specified, 
the 


location 
counter 
of 
four 
hexadecimal 
digits 
and 
mode 
representation 
symbols 
are 
outputted. 
The 
symbols 
representing 
the 
mode 
of 
location 
counter 
are 
as 
follows: 


(Blank) 
Absolute 
mode 
Code 
relocatable 
mode 
Data 
relocatable 
mode 
Common 
mode 
3] 
Object 
code 
and 
mode 
representation 


Object 
codes 
and 
modes 
are 
represented. 
If 
the 
/0 
switch 
has 
been 
specified, 
I-byte 
code 
is 
represented 
by 
three 
octal 
digits 
and 
2-byte 


code 
is 
represented 
by 
six 
octal 
digits. 
If 
the 
/H 
switch 
or 
nothing 


has 
been 
specified, 
I-byte 
code 
is 
represented 
by 
two 
hexadecimal 
digits 
and 
2 
byte 
code 
is 
represented 
by 
four 
hexadecximal 
digits. 
Behind 
the 
respective 
codes, 
the 
symbol 
representing 
their 
mode 
are 
outputted. 
The 
symbols 
representing 
modes 
are 
as 
follows: 


MACSO-lli 


External 
reference 
symbol 


Absolute 
mode 
Code 
relocatable 
mode 


Data 
relocatable 
mode 


Common 
mode 


4] 
Expansion 
symbol 
This 
is a symbol 
indicating 
that 
expantion 
has 
been 
made 
by 
the 
INCLUDE 


instruction 
and 
MACRO 
instruction. 
When 
no 
expansion 
has 
been 
made, 


blal 
be 
used. 
Expansion 
symbls 
are 
as 
follows: 


C 
Expansion 
of 
file 
read 
by 
INCLUDE 
instruction 
+ 
Expansion 
by use 
of MACRO 
instruction, 
REPT 
instruction, 


IRP 
instruction 
and 
IRPC 
instruction 
5] 
Source 
statement 


A source 
statement 
is outputted. 


(2) 
Symbol 
list 
All 
the 
macro 
names 
defined 
in 
the 
program 
and 
subsequent ly 
symbol 


information 
respectively 
are 
outputted 
in alphabetical 
order. 
The 
page 
heading 
of 
a 
symbol 
list 
is 
the 
same 
as 
that 
of 
a 
program 
liste 
but 
the part 
of 
page 
number 
is outputted 
as "PAGE 
S". 
The 
maco 
name 
list 
is outputted 
as 
follow. 
(18) 
In case 
where 
the previous 
macro 


name 
consists 
of 
16 characters 
or 


The 
macro 
name 
is outputted 
in no 
excess 
of 
16 characteres. 
Even 
if a 


macro 
name 
of 
16 
characters 
or 
more 
has 
been 
specified 
by 
the 
source 


program, 
the 
16 characters 
or 
less 
only 
are 
displayed 
as effective. 
In 


this 
case, 
after 
blank 
has 
been 
outputted 
next 
to 
the 
16th 
character, 


the 
next 
macro 
name 
is 
outputted 
from 
the 
next 
column. 
Symbol 


information 
becomes 
the next 
format. 


For 
octal 
number 
(In use 
of 
/0 
____I __ 
(26) 


1 
6 


switch) 
In 
case 
the previous 
symbol 
name 
consists 
of 
16 characters 


or 
more 


4 
5 


I-1- 


For 
hexadecimal 
number 
(In use 
of 
/H switch 
or 
in case 
nothing 
is 
specified) 


I 
1 
--1-]- 
21 


1] 
Definition 
value 
of 
symbol 


2] 
Symbols 
indicating 
types 
of 
symbols 
The 
meaning 
of each 
symbol 
is as 
follows: 


U 
Undefined 
symbol 


C 
Common 
block 
name 


* 
External 
reference 
symbol 
I 
Global 
symbol 


(Blank) 
Absolute 
mode 
Code 
relocatable 
mode 
Data 
relocatable 
mode 
Common 
mode 
3] 
Symbo 1 name 
The 
symbol 
name 
is outputted 
in no 
excess 
of 
16 characers. 
Even 
if 
a 
symbol 
of 
16 
characers 
or 
more 
has 
been 
specified 
by 
the 
source 


program, 
the 
16 characters 
or 
less 
only 
are 
displayed 
as effective. 
In 
this 
case, 
after 
blank 
has 
been 
outputted 
next 
to 
the 
16th 
character, 


the next 
symbol 
information 
is outputted 
from 
the next 
column. 


8.3.7 
Error 
processing 
When 
there 
have 
been 
various 
types 
of 
errors 
in 
a 
source 
program, 
an 


error 
symbol 
or 
error 
masseag 
is 
outputted 
to 
the 
assembly 
list 
and 
console 
accoding 
to type 
of error. 
Even 
if the creation 
of assembly 
list 
has 
not 
been 
instructed 
at 
assembling, 
the 
error 
symbol 
is 
outputted 
to 


the 
first 
column 
of 
statement 
line 
where 
the 
error 
has 
occurred, 
and 
the 


error 
message 
is outputted 
first 
or 
last 
of 
the 
program 
list 
or before 
or 
after 
outputting 
the error 
statement 
line 
to the console. 


(1) 
Error 
symbol 


The 
meaning 
of each 
error 
symbol 
to be 
output 
is as 
follows: 


Error 
Symbol 
I 
Meaning 
A 
1 
Argument 
error 


1 
The 
format 
in the operand 
field 
of 
the 
assembler 
in- 


1 
1 
struction 
or assembler 
control 
instruction 
is erroneous 


1 
1 
or exceeds 
the 
limitation. 


1--------------1---------------------------------------------------------- 


1 
C 
I 
Conditional 
nesting 
error 


I 
I The 
IF xx or COND 
instruction 
corresponding 
to the ELSE 


1 
I 
or ENDC 
instruction 
is missing 
or 
two 
else 
instructions 


1 
1 or more 
are 
described 
in the conditional 
sentence. 


1--------------1---------------------------------------------------------- 


1 
D 
1 
Double 
defined 
symbol 


1 
1 Multiple-defined 
symbol 
is referred 
to. 
I 
1--------------1----------------------------------------------------------1 


1 
E 
1 
External 
error 
1 


liThe 
external 
reference 
symbol 
is incorrectly 
used. 
I 
1--------------1----------------------------------------------------------1 


1 
M 
I 
Multiple 
defined 
symbol 
I 


1 
1 
Already 
defined 
symbol 
has 
been 
re-defined. 
I 
1--------------1----------------------------------------------------------1 


1 
N 
1 
Number 
error 
1 


I 
I 
Numerical 
representation 
is wrong. 
1 


Bad 
opcode 
or objectionable 
syntax 
I 


IJ The 
ENDM 
and 
LOCAL 
instructions 
are 
out 
of 
the macro 
1 


block 
and 
repetitive 
block. 
1 


2] Neither 
symbol 
nor 
macro 
name 
is specified 
to the 
I 


DEFL, 
EQU 
instruction 
and MACRO 
instruction. 
I 
3] The 
operand 
is incorrectly 
described. 
I 


I 
4] The 
expression 
is incorrectly 
described. 
I 
1-------------- 
----------------------------------------------------------I 
I 
P 
Phase 
error 
I 


1 
The 
symbolic 
values 
defined 
by others 
than 
the DEFL 
1 


I 
instruction 
are 
different 
in the pass 
1 and 
the pass 
2. 
1 
1-------------- 
----------------------------------------------------------I 


1 
Q 
Questionable 
1 


1 
This 
is a warning 
error 
which 
usually 
occurs 
when 
a line 
1 


1 
is not 
correctly 
completed. 
1 
1-------------- 
----------------------------------------------------------I 


I 
R 
Relocation 
1 


1 
Relocation 
is incorrectly 
used 
in the expression. 
I 
1-------------- 
----------------------------------------------------------I 
I 
U 
Undefined 
symbol 


I 
The 
symbol 
not 
defined 
in the expression 
has 
been 
used. 


I 
Some 
of assembler 
instructions 
and 
assembler 
control 


I 
instructions 
produce 
V 
error 
in pass 
1 and U 
error 
in 


1 
pass 
2. 


1-------------- 
---------------------------------------------------------- 


1 
V 
I 


1 
I 


I 
1 


1 
1 


I 
1 


1 
I 


Value 
error 
The 
operand 
values 
of 
assembler 
instruction 
and 
assembler 


control 
instruction 
(for 
example, 
.RADIX, 
PAGE, 
DEFS, 


COND 
instructios, 
etc.) 
are 
not 
defined 
in pass 
1. 


If 
the 
symbols 
have 
been 
defined 
after 
these 
instruc- 


tions, 
U error 
does 
not 
occur 
in pass 
2. 


(2) 
Error 
message 


The 
meaning 
of each 
error 
message 
to be 
output 
is as 
follows: 


I 
Meaning 


1 
No END 
statement 
is described. 


1 
END 
statement 
is in each 
of 
the 
false 


1 
conditional 
block, 
the 
repetitive 
block 


1 
and 
the macro 
definition 
block, 
and 
is 


1 
not 
recognized. 
I 


---------------------------- 
--------------------------------------------1 


. The 
conditional 
block 
does 
not 
terminate 
I 


by 
the program 
terminates. 
I 


---------------------------- 
--------------------------------------------1 


Unterminated 
REPT/IRP/IRPC 
1 
• 
Neither 
repetation 
block 
nor macro 
de- 
1 
/MACRO 
1 
finition 
block 
terminates. 
I 


----------------------------1--------------------------------------------1 


Symbol 
table 
full 
I 
While 
the MACRO-SO 
is making 
a symbol 
I 


1 
table, 
the memories 
have 
run 
short. 
1 


Meaning 
I 
Usually 
the 
above 
macro 
when 
the 
macro 
1 


block 
including 
many 
statements 
is 
large 
I 


in 
number. 
The 
macro 
block 
is 
stored 
in 
1 


the 
symbol 
table, 
together 
with 
the 
com- 
I 


ment 
field. 
It 
is 
required 
to 
take 
such 
I 


an 
action 
as 
represents 
the 
comment 
in 
I 
I 
the 
block 
by 
use 
of 
two 
semicolons 
(;;). 
I 


----------------------------1--------------------------------------------1 
I 
[xx][NO] 
Fatal 
error(s) 
I 
The 
number 
of 
occurred 
errors 
is 
I 
I 
[,yy 
warning(s)] 
1 
indicated. 
I 


1 
I 
xx 
•.. 
Number 
of 
fatal 
erros 
I 
I 
I 
yy 
.•• 
Number 
of 
warning 
erros 
I 
I 
1 
Whenever 
the 
assembling 
of 
one 
program 
I 
I 
I 
is 
completed, 
this 
message 
is 
outputted 
I 
I 
I 
to 
the 
consol 
or 
assembly 
list 
file. 
I 
I 
I 
When 
the 
message 
"No 
Fatal 
error(s)" 
has 
I 
I 
I 
been 
outputted, 
it 
means 
that 
no 
assemblyl 
I 
I 
error 
has 
occurred. 
I 


Error 
Message 
Symbol 
table 
full 


B.4 
LINK-BO 
Link 
loader 


The 
intermediate 
object 
file 
generated 
by 
the 
MACRO-BO 
are 
not 
executable 
that 
file 
as 
it 
is. 
The 
LINK-BO 
is 
used 
for 
editing 
the 
pl ural 
modules 
developed 
as 
unit 
to 
an 
executable 
program 
after 
link 
load. 
Therefore, 
the 
LINK-BO 
is 
available 
in 
the 
following 
functions. 


(1) 
A 
relocatble 
module 
is 
loaded 
and 
the 
codes 
and 
data 
having 
relocatable 
address 
is 
converted 
into 
an 
absolute 
value 
respectively. 


(2) 
Links 
the 
loaded 
pl ural 
modules. 
when 
a 
certain 
module 
calls 
other 
module 
than 
itself 
(CALL 
sentence) 
or 
refers 
to 
the 
symbols 
of 
other 


modules 
(use 
of 
EXTERNAL 
symbols), 
the 
absolute 
address 
in 
the 
module 


which 
include 
the 
addresses 
or 
symbols 
corresponding 
with 
those 
are 
put 


In. 


(3) 
A 
COM 
file 
executable 
on 
the 
CP/M 
operating 
system 
can 
be 
created. 
(4) 
A 
file 
of 
iHEX 
format 
can 
be 
created 
from 
an 
executable 
program, 
allowing 
a 
program 
to 
be 
writen 
in 
EPROM 
or 
to 
be 
used 
for 
inputting 
on 
other 
systems, 
that 
is, 
Toshiba's 
RTEBO 
system. 


(5) 
A 
symbol 
file 
for 
symbolic 
debugger 
can 
be 
created. 
This 
file 
is 
used 


by 
Toshiba's 
RTEBO 
system 
or 
Digital 
Research 
symbolic 
debugger 
ZSID. 


The 
program 
can 
be 
loaded 
from 
the 
address 
0 
by 
use 
of 
the 
LINK-BO. 
The 
loadable 
memory 
area 
is 
of 
the 
same 
size 
as 
the 
area 
where 
the 
area 


required 
by 
the 
sysetm 
resident 
area 
and 
the 
LINK-BO 
has 
been 
excluded 


from 
the 
whole 
memory. 


B.4.1 
Link 
loader 
command 


The 
execution 
command 
of 
a 
link 
loader 
is 
described 
in 
this 
paragraph. 
Assuming 
that 
the 
execution 
file 
LBO.COM 
of 
the 
LINK-BO 
has 
been 
stored 


in 
the 
system 
diskette 
of 
the 
log-in 
drive 
A, 
the 
explanation 
is 
made. 


If 
only 
one 
disk 
drive 
is 
provided 
and 
each 
intermediate 
object 
file 
is 
stored 
in 
several 
diskettes, 
the 
diskette 
in 
the 
drive 
must 
be 
cahnged 
to 


the 
diskette 
requried 
in 
the 
process 
of 
link 
loading. 


The command of 
the 
LINK-8o is 
speci fied 
by 
both 
of 
the 
and 
internal 
command. 
The 
inputting 
methods 
are 
two, 


inputting 
the 
start 
command and 
the 
internal 
command 
line, 
another 
method of 
inputting 
them separately. 


start 
command 
one 
method 
of 
string 
to 
one 


A>L8o Internal 
command string 
<CR> 
(a) 
A>L8o <CR> 
(b) 


* Internal 
command string 
<CR> 
(a) 
The 
start 
command and 
the 
internal 
command string 
can 
be 
inputted 
to 
one 
line. 
If 
the 
/G 
or 
/E 
switch 
is 
specified 
at 
the 
end 
of 
the 
command string 
and 
LINK-8o is 
returned 
to 
the 
CP/M operating 
system 
after 
execution 
of 
the 
internal 
command. 
In 
other 
cases, 
the 
asterisk 


(*) 
is 
outputted 
to 
represent 
an 
internal 
command waiting 
state. 
The 
internal 
command string 
can 
be 
specified 
as 
many as 
required, 
within 
one line 
(including 
L80 for 
(a» 
by delimiting 
the 
internal 
command by 


use of comma (,). 


(b) 
After 
the 
LINK-8o has 
been 
called 
by 
the 
start 
command, the 
asterisk 
(*)representing 
an 
internal 
command waiting 
state 
is 
outputted. 
The 
internal 
command is 
inputted 
in 
one 
line. 
After 
execution 
of 
the 


internal 
command, 
the 
asterisk 
(*) 
is 
outputted 
again, 
the 
state 
of 


LINK-8o is 
an 
internal 
command waiting 
state. 
If 
the 
/G or 
/E 
switch 


is 
specified 
at 
the 
end of command line, 
the 
command is 
returned 
to 
the 
CP/M operating 
system. 


(2) 
Format 
of 
internal 
command 


objfile 
{/switch/switch 
••• 
} 
(a) 
outfile 
{/switch 
••• 
} /N{/switch 
••• 
} 
(b) 
/switch{switch 
••• 
} 
(c) 
objfile 
{Drive 
name:} Intermediate 
object 
file 
main name 


{.Extension} 


outfile 
{Drive 
name:} File 
main name to be created 


{.Extension} 


The 
internal 
command can 
be 
specified 
as 
many as 
required 
within 
one 


line 
delimiting 
the 
internal 
command by use of comma (,). 


(3) 
Function 
of command 
The function 
of 
internal 
command is 
described 
as 
follows. 


(a) 
Specification 
of 
intermediate 
object 
file 
to be link-loaded 
Each intermediate 
object 
file 
is 
loaded 
by specifying 
in 
the 
(a) 
format 
of 
the 
above 
(2). 
Each file 
must be an intermediate 
object 
file 
create 


assembled 
by 
the 
MACRo-8o. 
The 
drive 
name 
and 
extension 
of 
the 


"objfile" 
are 
omittable. 
If 
the 
drive 
name is 
omitted, 
the 
logic 
drive 


is 
considered 
to 
have 
been 
specified 
and 
the 
extension 
is 
omitted, 
REL 


is 
considered 
to 
have 
been 
specified. 
The 
extension 
is 
specified 


within 
three 
characters. 


The 
code 
and 
data 
allocated 
to 
the 
absolute 
address 
(ASEG) 
at 
assembling 
are 
not 
rearranged, 
and are 
loaded 
by the 
address 
as 
it 
is. 


Each 
relocatable 
segment 
(COMMON,DSEG, CSEG) is 
loaded 
on the 
memory 


in 
the 
order 
specified 
by 
the 
internal 
command. 
If 
the 
load 
start 
addresses 
in 
the 
relocatable 
program 
area, 
common area, 
and 
data 
area 


have 
not 
been 
spec i fied 
by 
the 
/ P 
swi tch 
and 
the 
/ D swi tch, 
each 
segment 
is 
loaded 
from 
the 
address 
l03H 
adjoining 
in 
the 
order 
of 
common 
area, 
data 
segment, 
and 
code 
segment. 


It 
is 
not 
necessary 
to 
make 
these 
loads 
in 
the 
order 
of 
execution 
of 
program, 
but 
is 
necessary 
to 
laod 
them 
so 
as 
not 
to 
pile 
on 
the 
area 
assigned 
by 
the 
ASEG. 
The 
jump 
instruction 
for 
the 
program 
start 
address 
is automatically 
inserted 
in 
the 
addresses 
IOOH 
to 
l02H 
at 
time 
of 
execution 
of 
the 
IE 
switch 
or 
the 
IG 
switch. 
However, 
this 
start 
address 
must 
be 
described 
the 
END 
source 
statement 
of 
the 
main 
module 
or must 
have 
been 
specified 
at 
input 
of 
the IG 
switch 
or 
the IE 
switch. 


If 
the 
IG 
switch 
or 
IE 
switch 
is 
specified 
without 
loading 
the 
intermediate 
object 
module 
after 
the 
LINK-80 
has 
been 
called 
by 
the 
start 
command, 
the 
program 
is 
executed, 
and 
the 
file 
specified 
by 
the 
"outfile" 
is 
not 
created. 


(b) 
Creation 
of 
file 
The 
LINK-80 
has 
the 
function 
which 
creates 
the 
next 
file 
from 
the 
loaded 
program, 
saves 
them 
in 
the 
diskette. 


Table 
8.3 
Files 
Created 
by 
LINK-80 


Kinds 
of 
file 
File 
executable 
on Cp/M 
File 
in iHEX 
format 


Symbolic 
degugger 
file 


Default 
Extension 
.COM 
.HEX 
.SYM 


A 
file 
to 
be 
created 
is 
specified 
in 
the 
(b) 
fo 
above 
(2). 
The 
name 
and 
extension 
of 
"outfile" 
are 
omittable. 
If 
the 
drive 
name 
is omitted 
the 
log-in 
drive 
is 
considered 
to 
have 
been 
specified. 
If 
the 
extension 
is omitted, 
the 
extension 
shown 
by 
table 
8.3 
is considered 
to 
have 
been 
specified. 
The 
extension 
specified 
within 
three 
characters. 
Which 
file 
is created 
is instructed 
by 
the 
switches 
Ix 
and 
IY 
specified 
after 
the 
file 
name. 
However, 
the 
IN 
switch 
is 
absolutely 
required 
after 
the 
file 
name. 


(c) 
Swi tch 
The 
switch 
provides 
indications 
to 
the 
function 
of 
a 
link 
loader. 
For 
the 
detailed 
function 
of 
each 
switch, 
refer 
to 
the 
next 
paragraph, 
8.4.2 
"Link 
loader 
switch". 


8.4.2 
Link 
loader 
switch 
The 
link 
loader 
switch 
specifies 
the 
optional 
function 
at 
time 
of 
link 
loading, 
and 
consists 
of 
one 
alphabetic 
character. 
A 
slash 
(f) 
must 
be 
placed 
before 
the 
switch. 
Several 
switches 
can 
be 
added 
for 
one 
command, 
and 
in 
this 
case 
a 
slash 
(f) 
must 
be 
also 
placed 
before 
the 
individual 
switch. 
Some 
switches 
are 
independently 
inputtable, 
and 
the 
others 
must 
make 
input 
together 
with 
the 
file 
names 
and 
other 
switches. 
(1) 
Switch 
which 
can 
be 
independently 
specified 
as 
one 
internal 
command 
IE,/G,/R,/p,/D,/u,/M,lo,/H 
The 
Ip 
and 
10 
switches 
of 
them 
must 
be 
specified 
before 
inputting 
the 
intermedaite 
object 
file 
names 
which 
regard 
these 
switches 
effective. 
(2) 
Switch 
which 
formes 
the 
internal 
command 
being 
added 
in 
the 
rear 
of 
a 
file 
name. 
IN,/s 
(3) 
Switch 
which 
forms 
the 
internal 
command 
being 
added 
to another 
switch. 
IX,/Y 
When 
IN, 
Ix 
and 
IY 
swi tches 
of 
the 
above 
swi tches 
are 
inputted, 
they 
specify 
their 
functions 
and 
are 
not 
execute. 
Actual 
processing 
is 
made 
at 
time 
of 
execution 
of 
the 
switch 
IE 
or 
IG. 
For 
the 
other 
switches, 
their 
processing 
is made 
at 
time 
of 
input. 


A 
list 
of 
the 
switches 
which 
can 
be 
used 
for 
the 
LINK-tlU 
lS 
shown 
ln 
Table 
8.4. 


Function 
I 
Switch 
Processing 


Execution 
1 IG 
After 
having 
executed 
a 
link-loaded 
object 


1 
1 
program, 
the 
state 
is returned 
to the command 
I 


1 
1 waiting 
state 
of 
the 
CpIM 
operating 
system. 
1 


1------------1-------------------------------------------------1 


I 
IG: 
Global 
1 
The 
execution 
start 
address 
is set 
to the 
spec- 
1 


1 
symbol 
I 
ified 
symbolic 
value, 
and 
the 
same 
process 
as 
I 


1 
1 
1 
IG 
switch 
is performed. 
1 
1-----------1------------1-------------------------------------------------1 


I 
End 
of 
I 
IE 
1 
After 
having 
edited 
a link-loaded 
object 
pro- 
1 


1 
LINK-80 
I 
1 
gram, 
the LINK-80 
is returned 
to the 
CpIM 
I 


1 
1 
1 
operating 
system. 
I 
1 
1------------1-------------------------------------------------1 


1 
1 
IE: 
Global 
I 
The 
execution 
start 
address 
is set 
to the 
spec- 
1 


1 
symbol 
1 ified 
symbolic 
value, 
and 
the 
same 
process 
as 
1 


I 
1 
IE 
switch 
is performed. 
1 
1----------- 
------------1-------------------------------------------------1 


1 
Direction 
IN 
1 
This 
switch 
directs 
to save 
an executable 
objectl 


I 
of 
file 
1 
program 
created 
by 
link-loading, 
in the 
file- 
1 


1 
save 
1 
name 
specified 
immediately 
before 
the 
IN, 
as 
I 


1 
I 
COM 
file. 
1 


1 
------------1-------------------------------------------------1 


1 
IN: 
P 
1 
File 
save 
for a program 
area 
only 
is directed. 
1 
1----------- 
------------1-------------------------------------------------1 


1 
Setting 
Ip: 
Addressl 
This 
switch 
sets 
a 
load 
start 
address 
for 
pro- 
1 


I 
of 
load 
1 
gram 
part 
(CSEG) 
or data 
parts 
(COMMON,OSEG). 
I 


1 
start 
ad- 
1 
When 
this 
switch 
is used 
together 
with 
the 10 
I 


1 
dress 
1 
switch, 
it sets 
a load 
start 
address 
for 
the 
1 


1 
1 
program 
part 
(CSEG) 
only. 
1 
1 
------------1-------------------------------------------------1 


1 
10: 
Addressl 
This 
switch 
sets 
a 
load 
start 
address 
for 
the 
I data 
parts 
(COMMON,OSEG) 
only. 
------------1------------------------------------------------- 


1 
IR 
1 
The 
LINK-80 
is reset 
to the 
initial 
state. 
-----------1------------1-------------------------------------------------1 
Library 
1 
Is 
1 
The 
library 
file 
specified 
immediately 
before 
1 


search 
lithe 
Is 
is searched. 
1 
-----------1------------1-------------------------------------------------1 
Global 
1 Iv 
1 
The 
undefined 
external 
reference 
symbols 
are 
1 
listing 
1 
outputted 
to a list. 
1 
1------------ 
-------------------------------------------------1 


1 
1M 
All 
the external 
reference 
symbols 
are 
outputted 
I 


to a 
list. 
I 


----------- 
------------ 
-------------------------------------------------1 
Setting 
10 
I 
The 
radix 
is converted 
to octal 
number. 
1 
of 
radix 
------------1-------------------------------------------------1 


I 
IH 
1 
The 
radix 
is converted 
to hexadecimal 
number. 
I 


1 
I 
(Initialized 
value) 
1 


Function 
I 
Switch 
Processing 
1 


Specifica-I 
/X 
This 
switch 
specifies 
to 
save 
the 
loaded 
object 
I 


tion 
of 
1 
,n 
a 
file 
in 
the 
iHEX 
format. 
This 
specifica- 
I 
special 
1 
1 
tion 
must 
be 
made 
together 
with 
the 
/N 
switch. 
1 


code 
1------------1-------------------------------------------------1 


I 
/y 
1 
This 
swtich 
specifies 
the 
create 
a 
file 
for 
1 


1 
1 
symbol 
debugger. 
This 
specification 
must 
be 
1 


1 
made 
together 
with 
the 
/N 
switch. 
I 


The 
detailed 
functions 
of 
each 
switch 
are 
as 
follows. 


(1) 
Execution 
switch 


(a) 
/G 
switch 
For 
LINK-80, 
this 
switch 
specifies 
each 
intermediate 
object 
file 
name 


in 
the 
internal 
command 
and 
directs 
to 
execute 
the 
link 
loaded 
program. 


The 
following 
messages 
are 
outputted 
just 
before 
the 
executuion. 


[ssss 
eeee 
p] 
[Begin 
execution] 
Here 
ssss 
means 
the 
program 
start 
address 
and 
eeee 
means 
the 
program 
end 
address 
+ 
1 and 
P 
means 
the 
page 
number 
in 
case 
of 
256 
bytes/pages. 
ssss 
and 
eeee 
are 
expressed 
by 
the 
present 
radix 
(octal 
or 
hexadecimal). 
P 
is 
expressed 
always 
decimal 
regardless 
of 
the 
radix. 
The 
control 
returns 
to 
the 
command 
wating 
state 
of 
CP/M 
operating 


system 
after 
the 
execution. 
However, 
in 
case 
of 
the 
execution 
by 
menas 


of 
/G 
switch 
only, 
the 
start 
address 
is 
described 
in 
the 
operand 
field 


of 
the 
main 
module 
end 
statement. 


(Example 
1) 
A)L80 
NEIL1,NEIL2,NEIL/N/G 
<CR) 


The 
program 
is 
executed 
after 
the 
link 
loading 
of 
the 
intermediate 
object 
file 
NEILl.REL 
and 
NEIL2.REL. 
Also 
create 
COM 
File 
of 
the 
link 


loaded 
program 
on 
log-in 
drive 
A. 
Thereafter 
the 
control 
returns 
to 


CP/M 
operating 
system. 
(Example 
2) 
A)L80 
NEIL1,NEIL2/G 
<CR) 


The 
intermediate 
object 
file 
NEILl.REL 
and 
NEIL2.REL 
are 
link 
loaded 
and 
are 
executed. 
The 
control 
returns 
ot 
CP/M 
operating 
system 
after 
the 
termination. 
COM 
file 
is 
not 
created 
on 
drive. 


(b) 
/G: 
Global 
symbol 
In 
addition 
to 
/G 
switch 
function, 
this 
switch 
specifies 
the 
address, 
which 
is 
expressed 
by 
the 
global 
symbol 
as 
the 
execution 
start 
address. 
The 
jump 
instruction 
to 
the 
execution 
start 
address, 
which 
is 
specified 
at 
lOOH-I02H 
address 
of 
the 
program 
is 
automatically 
inserted. 
It 
is 
necessary 
that 
the 
speccified 
global 
symbol 
is 
defined 
in 
one 
of 


any 
loaded 
module. 


This 
format 
switch 
is 
used, 
when 
the 
main 
module 
end 
statement 
in 
the 


link 
loaded 
program 
has 
not 
the 
specification 
of 
the 
execution 
start 
address 
or 
the 
start 
addresses 
are 
plurally 
specified. 


The 
content 
of 
the 
message, 
which 
is 
outputted 
after 
the 
execution 
start, 
is 
same 
to 
the 
case 
of 
/G 
switch. 


(2) 
Termination 
of 
LINK-80 


(a) 
/E 
switch 
The 
control 
returns 
to 
CP/M 
operating 
system 
after 
the 
termination 
of 
editing 
the 
link 
loaded 
object 
program. 
No 
execution. 


If 
the 
creation 
of 
files 
have 
been 
specified 
by 
IN, 
Ix 
and 
Iy, 
this 


processing 
is executed 
when IE 
switch 
is executed. 


(b) 
IE: 
Global 
symbol 


In 
addition 
to IE 
switch 
function, 
this 
switch 
specifies 
the 
address, 


which 
is expressed 
by 
the global 
symbol 
as 
the execution 
start 
address. 
The 
jump 
instruction 
to the execution 
start 
address, 
which 
is specified 
at 
lOOH-102H 
address 
of 
the 
program 
is automatically 
inserted. 
It 
is 
necessary 
that 
the 
specified 
global 
symbol 
is 
defined 
in 
one 
of 


any 
loaded 
module. 
This 
format 
switch 
is 
used 
in 
the 
case, 
which 
is 
explained 
on 
"/G: 


global 
symbol". 
The 
difference 
is 
that 
the 
link 
loaded 
program 
is 
executed 
or 
is not 
executed. 


(3) 
Directions 
for 
file 
saving 
(a) 
IN 
switch 


IN 
switch 
directs 
to 
save 
the 
link 
loaded 
executable 
program 
in 
the 


file 
which 
is specified 
just 
before 
IN. 
The 
name 
of 
file 
which 
a 
COM 
file 
is 
saved 
must 
be 
specified 
always 


just 
before 
IN 
switch. 
The 
log-in 
drive 
and 
.COM 
become 
specified 


respectively, 
when 
the drive 
name 
and 
extension 
are 
omitted. 
IN 
switch 
only 
specifies 
the 
file 
saving. 
The 
file 
saving 
is processed 
when IE 
switch 
or IG 
switch 
is executed. 
When 
IN 
switch 
is 
used, 
the 
program, 
which 
is 
desired 
to 
save 
as 
a 


file, 
must 
be 
link 
loaded 
between 
the 
start 
of 
LINK-80 
and 
the 


execution 
of IE 
switch 
or IG 
switch. 
It 
is arbitrary 
which 
is at 
first 


the 
specification 
of 
the 
file 
saving 
or 
the 
link 
loading 
of 
the 


program. 
Refer 
to the explanation 
of each 
switch, 
when 
Ix 
switch 
or Iy 
switch 
is 
used 
together. 


(Example 
1) 
A)L80 
NEIL1,NEIL2,NEIL/N/E 
<CR) 


The 
program 
is 
saved 
in NEIL. COM 
file 
of 
log-in 
drive 
A 
after 
the 
link 


loading 
of 
NEIL1.REL 
and 
NEIL2.REL. 
Thereafter 
the 
control 
returns 
to 


Cp/M 
operating 
system. 


A)L80 
NEIL/N,NEIL1,NEIL2/E 
<CR) 


The 
processing 
is similar 
to the above-mentioned 
procedure. 


(b) 
IN: 
P switch 


This 
switch 
specifies 
to 
save 
the 
program 
area 
of 
the 
link 
loaded 


program 
on 
the 
diskette. 
When 
you 
use 
IN:P 
switch, 
the 
link 
loading 
must 
be 
preformed 
with 
the 


both 
of Ip 
switch 
and ID 
switch. 
The 
others 
are 
simila 
to the case 
of IN 
switch. 


(4) 
Specification 
of 
load 
start 
address 
(a) 
Ip: 
address 
This 
format 
switch 
specifies 
the 
laod 
start 
address 
of 
the 
relocatable 


segments 
(COMMON,DSEG,CSEG) 
of 
the 
program, 
which 
is 
loaded 
after 
this 


switch. 


(b) 
ID: 
address 
This 
format 
switch 
specifies 
the 
load 
start 
address 
of 
the 
data 
area 


(COMMON,DSEG) 
of 
the program, 
which 
is loaded 
after 
this 
switch. 


The 
specified 
address 
is 
expressed 
by 
the 
present 
radix. 
The 


initialized 
value 
of 
the 
radix 
is hexadeciam. 
The 
conversion 
of 
the 


radix 
(octal or hexadecimal) 
becomes 
possible 
by 
the 
specification 
10 


switch and IH 
switch. 


The program 
field of ASEG 
does not 
undergo 
the 
influence 
of Ip 
switch 
and 10 
switch. 
Therefore, 
in case of the use of these switches, COMMON 


,OSEG and CSEG must not be overlapped with 
the program area of ASEG. 


Ip 
switch 
and 
10 
switch 
exert 
no 
influence 
on 
the 
already 
loaded 


module. 
Ip 
switch 
and 
10 
switch 
must 
be 
placed 
before 
the 


specificationf 
the 
file 
name, 
which 
is 
desired 
to 
load 
by 
the 


specificat 
the load start address by these switches. 
The specification 
of Ip: 
address, 10: 
address and the file name must be 


delimited by comma (,). 
The relation between Ip switch and 10 switch is shown below. 


Switch 
I 
Processing 
Ip 
1 
10 
1 
_ 


None 
1 
None 
1 
The 
load start address of the program is specified automa- 


1 
I 
tically in 103H address. 


I 
I 
I The program is loaded adjacently 
in order of COMMON, OSEG 


I 
I 
I 
and CSEG. 
1 
1------ ------1------------------------------------------------------------1 


1 
Yes 
None 
I 
From 
the address, which 
is specified by Ip switch, COMMON, 


1 
1 OSEG and CSEG are loaded adjacently 
in order. 


1------ ------1------------------------------------------------------------ 


1 
None 
Yes 
I 
Oata area (COMMON, OSEG) is loaded adjecently 
from the ad- 


I 
1 dress, which 
is specified by 10 switch. 
I03H address 
is 


1 
1 automatically 
specified 
for the load start address of the 
I 
I program area (CSEG). 


1------ ------1------------------------------------------------------------ 


1 
Yes 
Yes 
I 
The load start address of the program area (CSEG) is 
I 
I specified by Ip switch address and the load start address 
I 
I of the data area (COMMON, OSEG) is specified by 10 switch 


1 
1 address 
respectively. 


By 
the 
specification 
of 
two Ip 
switches 
or 
more, 
the 
program 
area 


(CSEG) of 
a 
certian 
module 
and 
the program 
area 
(CSEG) 
of 
the 
other 


module 
can be 
laid out 
non-adjacently. 
Also, 
by 
the specification 
of 


two 10 
switches 
or 
more, 
the 
data 
area 
(COMMON, 
OSEG) 
of 
a 
certain 


module and the data area (COMMON, OSEG) of the other Module can be laid 
out 
non-adjacently. 
Careful 
attention 
must 
be 
paid 
to 
the 
fact 
that 


the resulting blank part can not be initialized. 
If the switche is not 


used in accordance 
with 
the above-mentioned 
method, 
LINK-80 
loads 
them 


automatically 
adjacently. 
There are the following constraints with respect 
to the module 
layout. 
l] 
Each area must 
not be overlapped. 
Attention 
must 
be paid 
to the area 


which 
is laid out by means 
of ASEG. 
Alarm 
error 
is outputted 
in case 


of the overlapping 
of the areas. 
2] 
CSEG must 
not 
be 
split by 
OSEG 
or by 
COMMON 
area. 
For 
example, 
the 


fatal error 
outputted 
when 
CSEG 
of a 
certain 
module 
is 
laid out 
from 
ZOOH and OSEG of the certain module 
is laid out 
from 300H and 
CSEG 
of 


the other module 
is laid out from 400H. 


After 
the 
termination 
of 
one 
lOod 
(load 
of 
each 
module 
specified 
in 
one 


line), 
LINK-SO 
outputs 
the 
size 
of 
all 
program 
areas 
which 
are 
already 


loaded 
and 
the 
size 
of 
all 
data 
areas 
which 
are 
already 
loaded. 


The 
link 
load 
becomes 
maybe 
possible 
by 
the 
application 
of 
10 
switch 
and 
Ip 
switch, 
when 
the 
memory 
comes 
short 
of 
the 
program 
which 
is 
link 


loaded 
from 
files. 
LINK-SO 
creates 
the 
table 
consisting 
of 
five 
bytes 
for 
the 
referring 
to 
the 
relocatable 
program 
when 
the 
link 
load 
is 
executed. 
The 
table 
can 
not 
be 
created 
by 
using 
10 
switch 
and 
Ip 


switch. 
Therefore, 
the 
program 
can 
be 
link 
loaded 
into 
the 
memory 


area. 
Usually 
10 
switch 
and 
Ip 
switch 
are 
used 
as 
follows, 
when 
the 
execution 


1S 
performed 
by 
means 
of IG 
switch 
or 
COM 
file 
is 
saved 
on 
the 
diskette 


by 
means 
of IN 
switch. 


1] 
In 
the 
case 
when 
the 
data 
area 
is 
leading 
10: 
103H 


Ip: 
103H 
+ 
Size 
of 
data 
area 
(+lOOH+l) 
2] 
In 
the 
case 
when 
the 
program 
area 
is 
leading 


Ip: 
103H 
or 
100H 
(when 
100H 
is 
specified, 
it 
is 
necessary 
to 
place 


the 
jump 
instruction 
to 
the 
the 
program 
start 
addrss 
after 
100H 
address.) 


10: 
(103H 
or 
100H) 
+ 
program 
area 
(+lOOH+l) 
100H+l 
is 
used 
as 
the 
area 
for 
stack 
pointer 
and 
stack. 


(c) 
IR 
switch 


This 
switch 
resets 
LINK-SO 
to 
the 
initial 
state. 
LINK-SO 
scans 
the 


command 
line 
prior 
to 
the 
execution 
of 
the 
specified 
function. 
when 
IR 


switch 
is 
used, 
LINK-SO 
ignores 
all 
the 
module 
loaded 
and 
resets 
them. 
Thereafter, 
the 
asterisk 
U') 
is 
outputted 
and 
the 
control 
returns 
to 
the 
internal 
command 
waiting 
state. 


(5) 
Library 
search 


(a) 
IS 
swtich 
for 
LINK-SO, 
Is 
switch 
searches 
the 
file, 
which 
is 
specified 
just 
before 
Is 
switch, 
for 
the 
definition 
of 
the 
undefined 
routine, 


subroutine 
and 
global 
symbol 
and 
tries 
to 
find 
out 
the 
solution. 
When 


the 
undefined 
items 
are 
solved 
by 
the 
specified 
file, 
this 
file 
is 
automatically 
link 
loaded, 
but 
when 
the 
undefined 
items 
are 
not 
solved, 
this 
file 
is 
not 
link 
loaded. 


The 
file 
name 
must 
be 
always 
specified 
just 
before 
Is 
switch. 
This 


file 
name 
and 
Is 
switch 
must 
not 
be 
delimited 
by 
another 
character. 


When several 
internal 
commands 
are 
specified 
in 
one 
line, 
"file 
name/Sll 


internal 
command 
and 
anaother 
internal 
command 
must 
be 
delimited 
by 


means 
of 
comma 
(,). 


(6) 
Global 
symbol 
listimg 
(a) 
Iu 
switch 
The 
Iv 
switch 
telle 
LINK-SO 
to 
list 
all 
undefined 
global 
symbols. 


Each 
undefined 
global 
symbol 
list 
expresses 
the 
address 
on 
the 
memory 
which 
the 
undefined 
symbol 
is 
referred 
finally. 
When 
not 
referred, 
0000 
is 
outputted. 


The 
undefined 
global 
symbols 
is 
listed 
and 
the 
head 
address, 
the 
end 
address+l 
and 
the 
area 
size 
of 
the 
already 
loaded 
program 
area 
(ASEG. 
CSEG) 
and 
the 
already 
loaded 
data 
area 
(COMMON, 
OATA) 
is 
outputted. 
However, 
when 
both 
of 
Ip 
swi tch 
and 
10 
swi tch 
are 
not 
used 
for 
the 


purpose 
of 
loading 
of 
the 
intermediate 
object 
file, 


these 
data 
are 
processed 
all 
together 
as 
the 
data 
area. 
Refer 
to 
8.4.3 


Message 
concerning 
this 
output. 
The 
specification 
by 
means 
of 
/U 
switch 
must 
be 
performed 
in 
the 


internal 
command 
line, 
which 
does 
not 
contain 
/G 
switch 
and 
/E 
switch. 
When 
the 
inputted 
program 
contains 
the 
undefined 
global 
symbol, 
LINK-80 


list 
them 
automatically. 


When 
(cS) 
(Control 
S) 
is 
inputted, 
the 
list 
output 
is 
stopped 
for 
a 


while. 
When 
some 
keys 
are 
inputted 
from 
the 
console, 
the 
output 
restarts. 
However, 
when 
(cC) 
(Control 
C) 
1S 
inputted, 
the 
control 


returns 
to 
CP/M 
operating 
system. 
Also 
when 
(cQ) 
(Control 
Q) 
is 
inputted, 
the 
list 
output 
is 
stopped. 


(b) 
/M 
switch 
The 
/M 
switch 
tells 
LINK-80 
to 
list 
the 
common 
block 
name 
and 
every 


global 
symbol 
regardless 
of 
the 
defined 
symbol 
or 
the 
undefined 
symbol. 


The 
output 
is 
performed 
in 
order 
of 
the 
common 
block 
name, 
the 
defined 
global 
symbol 
name 
and 
the 
undefined 
global 
symbol 
name. 
Similar 
to 
/U 
switch, 
in 
addition 
ot 
those 
outputs, 
the 
head 
address, 
the 
end 
address+l 
and 
the 
area 
size 
of 
the 
already 
loaded 
program 
area 
and 
the 
already 
loaded 
data 
area 
are 
outputted. 


Common 
block 
name 
is 
expressed 
in 
the 
form 
of 
"/Common 
block 
name/". 


In 
company 
with 
them, 
the 
head 
address 
and 
the 
size 
of 
thsi 
common 


block 
are 
outputted. 
The 
defined 
values 
are 
displayed 
for 
each 
defined 
global 
symbol. 
The 
minus 
sign 
(-) 
is 
affixed 
directly 
before 
the 
undefined 
global 
symbol. 
Also, 
the 
address 
on 
the 
memory, 
which 
this 
undefined 
symbol 


was 
referred 
finally, 
1S 
displayed. 
When 
not 
referred, 
0000 
is 
outputted. 


(7) 
Radix 
description 
(a) 
/0 
switch 


/0 
switch 
describes 
the 
present 
radix 
as 
octal. 
(b) 
/H 
switch 


/H 
switch 
describes 
the 
present 
radix 
as 
hexadecimal. 
The 
initialized 
val ue 
is 
hexadecimal. 
/H 
switch 
is 
used 
only 
to 
return 
the 
present 
radix 
from 
octal 
to 
hexadecimal. 


(8) 
Specification 
of 
special 
code 
(a) 
/x 
switch 
/X 
switch 
is 
used 
to 
save 
the 
link 
loaded 
executable 
program 
in 
the 


file 
in 
iHEX 
format. 


The 
specification 
by 
/X 
switch 
requries 
to 
add 
/N 
switch 
on 
the 
saved 


file 
name 
always. 
If 
the 
drive 
name 
of 
the 
file 
name 
and 
the 
extension 


are 
omitted, 
it 
is 
considered 
that 
the 
log-in 
drive 
and 
HEX 
are 
specified 
respectively. 
The 
extension 
is 
specified 
within 
three 
characters. 
The 
processing 
of 
saving 
into 
the 
file 
is 
executed 
when 
/E 
or 
/G 
switch 
is 
executed. 


iHEX 
format 
file 
is 
used 
generally 
to 
write 
the 
program 
into 
EPROM 
or 
to 
use 
the 
program 
into 
another 
system 
like 
Toshiba's 
RTE80. 
Also, 
the 
code 
debugging 
of 
HEX 
file 
is 
easy 
and 
the 
edition 
according 
to 
high 


level 
editor 
is 
possible. 
(b) 
/Y 
switch 


/Y 
switch 
is 
used 
to 
save 
the 
special 
file 
(symbol 
file), 
which 
is 


designed 
for 
Toshiba's 
RTE80 
system 
and 
a 
symbolic 
debugger 
ZSID 
of 


Digital 
Research 
Inc •• 


The 
specification 
by 
IY 
switch 
always 
needs 
the 
addition 
of IN 
switch 


and IE 
switch 
or IG 
switch 
to the 
saved 
file 
name. 
When 
the drive 
name 


is omitted, 
the 
log-in 
drive 
is specified. 


The 
saved 
files 
as 
the 
result 
of IY 
switch 
specification 
are 
COM 
file 


and 
SYM 
file 
(File 
main 
name 
.SYM). 
However, 
when 
Ix 
switch 
is 
simultaneously 
specified, 
HEX 
file 
and 
SYM 
file 
are 
saved. 
SYM 
fiLe 
contains 
all 
the 
global 
symbol 
names, 
which 
are 
used 
in 
the 
symbolic 
debugger 
and 
their 
value 
informations. 


8.4.3 
Message 


LINK-80 
outputs 
the 
following 
message 
at 
every 
termination 
of 
one 
link 


load 
(Each 
intermediate 
object 
file 
link 
load 
specified 
in one 
line). 
DATA 
xxx x 
yyyy 
<zz> 
{PROGRAM 
xxx x 
yyyy 
<zz» 


- Undefined 
symbol 
name 
aaaa 
n 
Undefined 
bytes 
Free 


I 
I 
global(S) 


(1) 
xxxx, 
yyyy 
and 
zz 
express 
respectively 
the 
head 
address, 
the 
end 
address+l 
and 
the 
area 
size 
(byte) 
of 
the 
data 
area 
(COMMON, 
OSEG) 
and 


the 
program 
area 
(ASEG, 
CSEG), 
which 
are 
loaded 
by 
this 
time 
already 


from 
the activation 
of LINK-80 
or 
from IR 
swsitch 
input. 
However, 
when 
the 
link 
load 
is 
performed 
without 
the 
specification 
of 
both 
of 
Ip 


switch 
and 
10 
switch, 
the 
informations 
are 
outputted 
in 
the 
item 
of 


data 
as 
the 
total 
program 
without 
the 
discrimination 
between 
the 
data 


area 
and 
program 
area. 
The 
radix 
of 
xxxx 
and 
yyyy 
is 
octal 
if 
10 
switch 
is specified 
and 
is hexadecimal 
if IH 
switch 
is specified 
or 10 
switch 
is 
not 
specified. 
The 
radix 
of 
zz 
is 
decimal 
regardlss 
of 
switch 
specification. 


As 
the 
result 
of 
the 
link 
loading 
by 
the 
spcification 
of 
multiple 
Ip 


switch 
and 
ID 
switch, 
the 
blank 
part 
may 
come 
out 
between 
a 
certain 
module 
segment 
and 
the 
other 
modu Ie 
segment, 
provided 
that 
another 
segment 
is not 
loaded. 
In 
this 
case, 
the area 
from 
the head 
address 
of 


the 
program 
area 
(ASEG 
or 
CSEG) 
of 
the 
initially 
loaded 
module 
to 
the 
end 
address 
of 
the 
program 
area 
of 
the 
finally 
loaded 
module 
is 
considered 
as 
the 
program 
area. 
The 
data 
area 
is 
similar 
to 
the 
program 
area. 
The 
size 
of 
the 
data 
area 
is 
the 
sum 
of 
COMMON 
area 
and 


OSEG. 
For 
example, 
when 
ASEG 
is 
laid 
out 
in 
Ii0H 
to 
l30H 
address, 
COMMON 
area 
in 
140H 
to 
ISOH 
address, 
OSEG 
of 
different 
module 
in 
160H 


to 
170H 
address, 
180H 
to 
190H 
address 
respectively, 
CSEG 
in 
200H 
to 
2S0H 
address, 
300H 
to 3S0H, 
400H 
to 440H 
address 
respectively, 
the 
data 
area 
is 
considered 
as 
140H 
to 
190H 
address 
and 
the 
program 
area 
is 
considered 
as 
Ii0H 
to 440H 
and 
their 
proper 
informations 
are 
outputted. 


(2) 
When 
the 
link 
loaded 
program 
until 
then 
contains 
the 
undefined 
global 
symbol, 
this 
information 
is 
outputted. 
aaa 
indicates 
the 
address 
on 


the memory, 
which 
this 
undefined 
symbol 
was 
referred 
at 
last. 
When 
not 


be 
referred, 
0000 
is outputted. 
Similar 
to xxxx 
and 
yyyy, 
the 
radix 
of 
aaaa 
is ocatl 
or hexadecimal. 
n is number 
of 
the undefined 
symbol. 
If 


there 
is not 
any 
undefined 
symbol, 
this 
message 
is not 
outputted. 


(3) 
mmmm 
indicates 
the 
size 
(byte 
number) 
of 
the rest 
of memory 
in decimal. 
When 
/E 
switch 
and 
/G 
switch 
are 
specified 
in 
the 
separate 
lines, 
the 


above-mentioned 
message 
is newly 
outputted. 


8.4.4 
Example 
of command 
input 
The 
examples 
of command 
input 
are 
shown 
below. 


Suppose 
that 
each 
intermedaite 
object 
file, 
which 
is assembled 
by means 
of 
MACRO-80, 
such 
as 
MODI. REL, 
MOD2. REL 
and 
MOD3. REL, 
is 
input ted 
in 


the diskette 
of 
log-in 
driva 
A. 


MODl.REL 
I 
I DSEG 
I 
(100- 


I 
byte) 
I 
I 
1--------1 
I 
I 


ITCSEG 
I 


GLOBAL 
ABC 
I (100- 
I 
ABC:ORG 
100HI 
byte) 
I 


1 
1 


MOD2. REL 


I 
I DSEG 
I 000- 
I byte) 
I 
I 
1--------1 
I 
I 
I-FCSEG 
I 


GLOBAL 
EFG 
I 
(200- 
I 


EFG:ORG 
100H 
I 
byte) 
I 


1 
1 


MOD.3REL 
I-4 
GLOBAL 
XYZ 
I 
I 
ASEG 
XYZ: 
ORG 
I 
(IDO- 


1 
byte) 
I 


1--------1 
I 
I 


I CSEG 
I 
I 000- 
I 


I byte) 
I 


1 
1 


(Example 
1) 
A)L80 
MODl,MOD2,MOD3,MOD/N/E 
<CR) 


The 
relocatable 
segment 
is 
automatically 
allocated 
from 
103H 
address. 


COM 
file 
MOD.COM 
is saved 
in the diskette 
of 
log-in 
drive 
A and 
the 
state 


returns 
to CP/M 
operating 
system. 
Relocatable 
Loaded 
Result 
address 
OH 
103H 
Fixed 
address 


202H 
203H 


100H 
ORGIOO 
303H 
---) 
ABC 
CSEG 
of MODI 
199H 
402H 
OH 
403H 
DSEG 
of MOD2 
99H 
------------- 
502H 


OH 
503H 


100H 
ORGIOO 
603H 
---) 
EFG 
CSEG 
of MOD2 
299H 
802H 
OH 
803H 
CSEG 
of MOD3 
99H 
902H 


Bland 
Area 


2000H 
---) 
XTZ 
ASEG 
of MOD3 
2099H 


MAC80-125 


The 
segments 
except 
the 
absolute 
segments 
(ASEG) 
are 
loaded 
from 
103 
address 
adjacently 
in 
order 
of 
the 
object 
file 
(module) 
which 
is 
specified 
in start command, because 
both of Ip 
switch and 10 
switch are 


not specified. 
ASEG is loaded on the memory as it is. 


(Example 2) 
A)L80 
Ip:103,/0:3000,M002,M001,/p:1000,M003 
<CR) 
(a) 


* IU<CR) 
(b) 
* MODLIB/S<cR) 
(c) 


* MOO!N!X!Y!G:ABC 
<CR) 
(d) 
(a) 
Program area 
(CSEG) of M002.REL 
is loaded from 103 address and program 
area 
(CSEG) 
of 
M001.REL 
is 
loaded 
in 
succession. 
Program 
area 
of 


M003.REL is loaded from 1000H address. 
Data area 
is laoded from 3000H 
address. 


Relocatabe 


address 
Fixed 
address 
OH 
1 
103H 
ORGIOOH 
I 


100H 
1 
203H 
---) EFG 
CSEG of M002 
1 
299H 
1 
1 
402H 


1-------------------------1 
OH 
1 
1 
403H 


1 
ORG100H 
1 


100H 
I 
1 
S03H 
---) ABC 
CSEG of MOOl 
I 


199H 
I 602H 


-------------------------1 


Blank Area 
1 


-------------------------1 


OH 
I 
1000H 


CSEG of M003 
I 


99H 
1 
1099H 


-------------------------1 
Blank Area 
1 


-------------------------1 


1 
2000H 


ASEG of M003 
I 


1 


1 
2099H 
---) XYZ 


-------------------------1 
Blank Area 
1 


-------------------------1 


OH 
1 
3000H 
OSEG of M002 
1 


1 
99H 
1 
3099H 
-------------------------1 
OH 
I 3l00H 


OSEG of MOOl 
I 


1 


99H 
1 
3l99H 


Load 
start 
address 
of 
the 
relocatable 
program 
area 
(CSEe) 
is 
specified 
by 
Ip 
switch 
and 
data 
area 
(OSEe) 
is 
specified 
by 
10 
switch 


respectively 
and 
then 
are 
laoded 
adjacently 
in 
order 
of 
the 
object 
file 


(Module) 
which 
is 
specified 
in 
start 
command. 
However, 
M003.REL 
is 


loaded 
from 
the 
address 
specified 
by 
this 
Ip 
switch, 
because 
Ip 
switch 
is 
newly 
specified 
just 
before 
the 
specification 
of 
M003.REL. 
Absolute 


segment 
(ASEe) 
is 
loaded 
on 
the 
memory 
as 
it 
is. 


(b) 
The 
undefined 
external 
reference 
symbol 
is 
list-directed 
output. 


(c) 
Library 
file 
of 
the 
name 
of 
MOoLIB.REL 
is 
searched 
and 
the 
solution 
of 


the 
undefiend 
global 
symbol 
is 
attempted. 
MOoLIB.REL 
file 
is 
described 
by 
menas 
of 
LIB-8o 
and 
it 
is 
considered 
that 
this 
file 
is 
contained 
ln 


the 
log-in 
drive 
A. 


(d) 
HEX 
file 
MOo.HEX 
and 
symbolic 
debugger 
file 
MOo.SYM 
are 
described 
on 
the 
diskette 
of 
the 
log-in 
drive 
A 
from 
the 
link 
loaded 
program. 
the 


program 
is 
executed 
from 
the 
global 
symbol 
ABC 
indicating 
address 
(503H 
address, 
in 
this 
example) 
and 
the 
state 
returns 
to 
CP/M 
operating 


system. 


8.4.5 
Error 
processing 
When 
any 
errors 
occure 
in 
LINK-8o 
processing, 
the 
following 
messages 
are 


outputted. 


1] 
?No 
Start 
Address 
Ie 
switch 
is 
specified, 
but 
maln 
program 
(The 
program, 
whiuch 
specified 
execution 
start 
address) 
is 
not 
loaded. 
2] 
?Loading 
Error 
The 
file 
which 
was 
given 
as 
the 
input 
has 
not 
the 
correct 
form 
as 
the 


intermediate 
object 
file 
for 
LINK-8o. 


3] 
?Out 
of 
Memory 
Memory 
for 
loading 
program 
is 
short. 


4] 
?Command 
Error 
This 
command 
is 
not 
command 
for 
LINK-8o. 


5] 
?File 
Name 
Not 
Found 


The 
file 
which 
is 
specified 
in 
command 
is 
not 
found. 


6] 
?Start 
symbol-Name-Undefined 


"/E: 
global 
symbol" 
or 
"/e: 
global" 
symbol 
are 
specified, 
but 
these 


global 
symbols 
are 
not 
defined. 
7J 
Nothing 
Loaded 
/E: 
switch 
(Termination 
of 
link 
loader) 
is 
specified, 
but 
the 
inter- 
mediate 
object 
file 
is 
not 
laoded 
and 
so 
processing 
is 
impossible. 
8] 
?Can't 
Save 
Object 
File 
When 
file 
saving 
was 
attempted, 
disk 
error 
occurred. 
Usually, 
this 
error 
occurs 
in 
case 
of 
disk 
file 
saturation 
or 
in 
case 
of 
write 


prohibition. 


9] 
%2nd 
COMMON 
Larger/COMMON 
BLOCK 
NAME/ 
When 
the 
same 
common 
blocks 
were 
defined 
in 
several 
modules, 
the 
size 


of 
the 
common 
block, 
which 
was 
defined 
by 
the 
afterwards 
loaded 
module, 


was 
largere 
than 
the 
size 
of 
the 
same 
named 
common 
block, 
which 
was 


defined 
by 
the 
formerly 
loaded 
module. 
The 
same 
common 
block 
must 
be 


the 
same 
size 
or 
the 
loading 
order 
must 
be 
cahnged. 


10] 
%Mult.oef.BLOBAL 
yyyyyy 


It 
was 
found 
during 
the 
loading 
that 
the 
global 
symbol 
yyyyyy 
is 
had 


more 
than 
one 
definition. 


11] 
%Over 
laying 
-- 
Program 
--- 
I 
I Area 
Data 
------ 
The 
address, 
which 
is 
specified 
by 
ID 
or Ip 
switch, 
falls 
on 
the 
area, 


which 
is 
occupied 
by 
LINK-80, 
the 
program 
area 
or 
the 
data 
area, 
which 
are 
considered 
as 
already 
laoded. 


12] 
?Intersecting 
-- 
Program 
--- 
Start 
xxxx 


I 
I area, 
Public 
Symbol 
name 
(xxxx) 


Data 
------ 
External 
Symbol 
name 
(xxxx) 


The 
program 
area 
and 
the 
data 
area 
are 
intersecting 
and 
the 
address 
and 
the 
exernal 
reference 
symbol 
chain 
entry 
exist 
in 
this 
intersection. 


The 
conversion 
into 
the 
present 
value 
is 
impossible, 
because 
the 
last 


step 
value 
exists 
in 
this 
intersection 
area. 
13] 
Origin 
Above 


Below 
If 
the 
sufficient 
memory 
for 
loading 
module 
does 
not 
exist 
and 
IE 
or IG 
switch 
is 
executed, 
this 
message 
is 
outputted. 
"Out 
of 
Memory" 
is 
outputted, 
when 
both 
of 
IE 
and 
IG 
switch 
are 
not 
specified. 
"Origin 
Above 
Loader 
Memory, 
Move 
Anyway 
(y 
or 
N)? 
is 
outputted, 
when 
the 
load 
start 
address 
is 
higher 
than 
the 
address 
of 
the 
loadable 
memory. 
Also 
conversely, 
"Origin 
Below 
Loader 
Memory, 
Move 
Anyway 
(y 
or 
N)? 
is 
outputted, 
when 
this 
address 
is 
lower 
than 
100H. 
If 
"Y 
<CR)" 
is 
inputted 
after 
the 
output 
of 
these 
error 
messages, 
LINK-80 
charges 
the 


loading 
area 
and 
continues 
the 
operation. 
If 
the 
others 
are 
inputted, 


the 
loading 
area 
isn't 
changed 
and 
the 
state 
returns 
to 
Cp/M 
operating 
system 
in 
the 
same 
conditions. 
Anyhow, 
the 
load 
image 
is 
saved 
in 
the 


diskette 
file, 
if 
IN 
switch 
is 
specified. 
For 
example, 
for 
making 
the 


HEX 
file 
which 
is 
started 
from 
0 
address 
using 
IN 
and 
Ix 
switch, 
this 


message 
is 
outputted 
when 
0 
address 
is 
specified 
as 
the 
loading 
start 
address. 
The 
beginning 
from 
0 
address 
program 
is 
composed 
in 
the 


diskette 
file 
in 
the 
same 
conditions, 
if 
the 
others 
except 
"Y" 
is 
then 


input. 


CREF-80 
Cross 
reference 
CREF-80 
processes 
the 
specially 
assembled 
life 
is 
designed 
for 
the 
purpose 
of 
listing 
the 
module 
reference 
and 
the 
layout 
of 
their 
reference 
list 
file 
is 
outputted 
as 
a 
result. 
file 
is 
useful 
when 
the 
debugging 
is 
executed. 


for 
cross 
reference, 
which 


layout 
of 
every 
interna 
1 
definitions. 
The 
cross 


This 
cross 
reference 
list 


8.5.1 
Making 
method 
of 
cross 
reference 
list 
file 
The 
making 
of 
cross 
reference 
list 
file 
needs 
the 
following 
steps. 


(1) 
The 
file 
for 
cross 
reference 
is 
made. 
This 
file 
is 
generated 
by 
means 
of 
the 
specification 
of Ic 
switch 
when 
the 
source 
program 
is 
assembled 


by 
MACRO-SO. 
The 
file 
for 
cross 
reference 
becomes 
octal, 
when 
both 
of 
Ic 
and 
10 
(the 
radix 
must 
be 
octal.) 
are 
specified 
together, 
so 
the 
address 
and 
code 
in 
the 
cross 
reference 
list 
are 
output 
octal. 
The 
outputted 
becomes 
hexadecimal 
when 
nothing 
is 
specified 
or 
IH 
is 
specified. 
(2) 
The 
cross 
reference 
list 
file 
is 
outputted. 
This 
file 
is 
made 
by 
means 


of 
CREF-80 
using 
the 
file 
for 
cross 
reference 
which 
is 
made 
according 


to 
the 
method 
(1). 


8.5.2 
Cross reference command 
The execution 
command of cross reference function is described. 
Assuming 
that the execution file CREF80.COM of CREF-80 has been stored in 
the system diskette of the log-in drive A, the description 
is made. 


(1) 
Method of command 
input 
CREF-80 
command 
is 
specified 
by 
the 
activation 
command, 
which 
calls 


CREF-80, and 
the internl command. 
As 
the input method, 
the activation 


command and the internal command are inputted in one line or these two 
commands are inputted in separate lines. 
A>CREF80 
Internal command <CR> 
(a) 
A>CREF80<CR> 
-I 
(b) 
* Internal command <CR> 
I 
(a) 
The 
activation 
command 
and 
the 
internal 
command 
are 
inputted 
in 
one 


line. 
The 
state returns 
to CP/M 
operating 
system after 
the making 
of 


cross reference list fiel. 
(b) 
After 
the 
calling 
CREF-80 
by 
activation 
command, 
the 
asterisk 
(*), 


which 
indicates 
the 
internl command 
waiting 
state, 
is outputted. 
The 


internal 
command 
can 
be 
inputted 
within 
the 
range 
of 
one 
line. 
The 


asterisk 
(*) is outputted again after the making of the specified cross 


reference 
list file and the state becomes 
the internal command waiting 


state. 
Therefore, 
multiple 
cross 
reference 
list 
file 
can 
be 
made 


without 
many 
times calling CREF-80. 
After 
the termination of CREF-80, 


control 
C 
<CR> 
must 
be 
inputted 
for 
the 
return 
of 
CP/M 
operating 
system. 


Internal command format 
{list}=cref 
list 
{Drive 
name:} 
Cross 
reference 
{Extension} 
or output device: 
cref 
{Drive name:} Main name of file for 
{.Extension} 


(3) 
Command function 
The 
cross 
reference 
list 
file 
is 
made 
from 
the 
file 
for 
cross 


reference, which 
is specified by "cref". 
The made file is outputted at 
the 
life 
in 
the 
drive 
specified 
by 
"list" 
or 
at 
the 
output 
device 


specified by "list". 
The drive name and the extension 
can be omitted, when 
the file name is 


inputted 
in 
"list" 
and 
"cref". 
The 
log-in 
drive 
is 
considered 
as 


specified 
when 
the drive 
name 
is moitted. 
If 
the 
extension 
of 
each 
file name is omitted, those are considered as follows. 
Cross reference list file 
.PRN 
File for cross reference 
.CRF 
Each extension are specified within 
three characters. 
Also, 
the file name in "list" 
is omitted 
and 
the drive 
name alone 
can 
be 
specified 
in "list". 
In 
this 
case, 
the 
file, which 
has 
the 
same 
main 
name 
as 
the 
name 
of 
file 
for 
cross 
reference 
and 
of 
which 
extension 
is PRN, is outputted 
in the specified drive. 
When 
the drive 


name ("list" is entirely omitted) is omitted too, the same drive as the 
file 
for 
cross 
reference 
is 
specified 
and 
the 
similar 
processing 
is 
performed. 
However, 
the main name of the file for cross reference 
can 
not 
be 
omitted 
in 
any 
case. 
As 
"list", 
the 
following 
input/output 


devices are specified. 


LST: 
Line 
prirter 
TTY: 
Console 
screen 
or 
key 
board 
If 
these 
input/output 
devices 
are 
specified, 
the 
saving 
into 
diskette 


lS 
not 
performed. 


8.5.3 
Cross 
reference 
control 
instruction 
The 
cross 
reference 
list 
Can 
be 
outputted 
in 
the 
one 
part 
of 
program, 
not 
in 
the 
whole 
part 
of 
program. 
By 
the 
description 
of 
.CREF 
and 
.XCREF 
instruction 
into 
the 
source 
program 
statement, 
this 
control 
(output, 


inhibition) 
becomes 
possible. 
This 
instruction 
can 
be 
placed 
at 
the 


arbitrary 
position 
of 
source 
program. 
If 
/C 
switch 
is 
not 
specified 
when 


the 
source 
program 
is 
assembled, 
both 
of 
.CREF 
instruction 
and 
.XCREF 
instruction 
become 
invalid. 
Now, 
the 
functions 
of 
these 
instructions 
are 


simply 
explained. 
For 
detail, 
refer 
to 
7.1 
Assembler 
control 
instruction. 


(1) 
.CREF 
instruction 


This 
instruction 
generates 
the 
cross 
reference. 
When 
the 
assembler 
is 
started, 
[he 
assembler 
considers 
that 
.CREF 
instruction 
is 
specified 
• 
•CREF 
instruction 
is 
effective 
from 
the 
specification 
of 
.CREF 


instruction 
to 
that 
of 
.XCREF. 


(2) 
.XCREF 
instruction 
This 
instruction 
inhibits 
the 
generation 
of 
the 
cross 
referecne. 
Then, 


.XCREF 
instruction 
is 
effective 
till 
the 
specification 
of 
the 
next 


.CREF 
instruction. 


8.5.4 
Exmaple 
of 
command 
input 


(Exampel 
1) 
A>CREF80 
<CR> 
(a) 
* B:=NEILl 
<CR> 
(b) 
* 
=B:NEIL2 
<CR> 
(c) 
* 
<cC> 
(d) 


(a) 
CREF-80 
r;-;;ctivated. 
Asterisk 
(*), 
which 
indicates 
the 
internal 


command 
waiting 
state, 
is 
outputted. 


(b) 
The 
cross 
reference 
list 
file 
is 
made 
from 
the 
file 
for 
cross 
reference 


NEIL1.CRF 
and 
this 
file 
is 
saved 
in 
NEIL1.PRN 
on 
drive 
B. 
(c) 
The 
cross 
reference 
list 
file 
is made 
from 
the 
file 
for 
cross 
reference 


NEIL2.CRF 
on 
drive 
B 
and 
this 
file 
is 
saved 
in 
NEIL2.PRN 
on 
drive 
B. 
(d) 
After 
the 
termination 
of 
CREF-80 
execution, 
the 
state 
returns 
to 
CP/M 
operating 
system. 


(Example 
2) 
A>CREF80 
TTY:=TEST 
<CR> 
Using 
the 
file 
for 
cross 
reference 
TEST.CRF, 
the 
cross 
refeence 
list 
is 
outputted 
in 
the 
console. 
The 
cross 
reference 
list 
file 
is 
not 
sved 
on 


the 
disk. 


8.5.5 
Cross 
reference 
list 
output 


Cross 
reference 
list 
file 
is 
a 
list 
indicating 
the 
assembled 
results 
to 


the 
programmer 
by 
outputting 
a 
series 
of 
line 
number, 
allocated 
address 
and 
machine 
codes 
assigned 
to 
each 
source 
statement. 
Each 
line 
of 
cross 
reference 
list 
file 
is 
constituted 
by 
the 
following 
elements. 
1] 
line 
number. 
2] 
error 
flag. 
3] 
location 
counter 
and 
mode 
display 
of 
location 
counter. 
4] 
object 
code 
and 
mode 
display. 
5] 
expansion 
symbol 


6] 
source 
statement 


131 
characters 
at 
the 
maximum 
per 
one 
line 
are 
source 
statement 
in 
the 
cross 
reference 
list 
file. 


131 
are 
ignored. 


The 
mode 
of 
a 
cross 
reference 
list 
is 
as 
follows: 


siognificant 
for 
the 


Characters 
more 
than 


I 


I 
2T 
-3-J- 


lJ 
Line 
number 
(decimal 
always) 
2] 
Error 
flag 
3] 
Location 
of 
each 
segment 
of 
object 
code. 
Allocated 
location 
couonter 
or 
its 
val ue 
in 
case 
of 
symbolic 
definition. 
Mode 
expressing 
symbol 
after 
location 
(hexadecimal 
or 
octal). 
4] 
Object 
code 
and 
mode 
display 
(hexadecimal 
or 
octal) 
5] 
Expansion 
symbol 


6] 
source 
statement 


Now, 
mode 
display 
and 
expansion 
symbol 
are 
common 
to 
the 
assemble 
list 


file. 
In 
the 
last 
part 
of 
the 
cross 
reference 
list 
file, 
all 
of 
macro 
names, 
common 
names 
and 
symboles 
are 
outputted 
with 
the 
line 
number 
of 
statement 
which 
they 
are 
referred. 
Line 
number 
of 
the 
defined 
position 


is 
outputted 
without 
the 
expansion 
of 
macro 
name. 


Also, 
"il" 
symbol 
is 
added 
to 
the 
cross 
reference 
number 
in 
the 
following 
cases. 


a) 
Symbol 
is 
defiend. 
b) 
The 
external 
reference 
symbol 
is 
declared. 


c) 
The 
macro 
definitionis 
is 
executed. 


d) 
Common 
name 
is 
described. 


Unassembled 
symbol 
and 
common 
name 
are 
not 
outputted 
in 
both 
of 
symbol 
list 
and 
cross 
reference 
list. 


8.6 
LIB-80 
Library 
manager 
If 
there 
are 
many 
intermediate 
object 
file, 
the 
inputting 
one 
by 
one 
is 
inconvenient 
when 
they 
are 
link 
loaded. 
Library 
file 
managing 
LIB-8o 
is 
available 
for 
the 
purpose 
of 
the 
efficiency 
improvement 
of 
the 
program 


development. 
If 
the 
library 
file 
is 
used, 
the 
module 
necessary 
for 
execution 
in 
that 
file 
can 
be 
linked 
to 
the 
executable 
program. 
For 


this 
purpose, 
LIB-80 
has 
the 
following 
functions. 


(1) 
LIB-80 
restructures 
the 
objectmodule, 
which 
is 
contained 
in 
the 
intermediate 
object 
file 
or 
in 
the 
already 
composed 
library 
file 
and 
so 
composes 
the 
new 
library 
file. 
After 
the 
composition 
of 
the 
library 


file, 
by 
the 
specification 
of 
library 
name/S 
in 
LINK-8o 
internal 
command 
at 
the 
linkge 
time, 
the 
routine, 
which 
is 
necessary 
for 
the 


program 
and 
the 
already 
link 
loaded 
executable 
program 
can 
be 
linked 


together. 


(2) 
LIB-80 
indicates 
the 
object 
module 
name 
in 
the 
library 
file 
and 
the 


information 
of 
the 
symbole 
in 
the 
module. 


8.6.1 
Library manager 
command 
The 
execution 
command 
of 
the 
library 
manager 
is explain 
as 
following. 


This explanation 
is executed on the assumption 
that the execution 
file of 
LIB-80 LIB80.COM 
is stored in the system diskette of the log-in drive A. 


(1) 
Input method of command 
LIB-80 
command 
is 
specified 
by 
the 
activation 
command 
for 
calling 


LIB-80 
and 
by 
the 
internal 
command. 
As 
to 
the 
input 
method, 
the 


activation 
command 
and 
the 
internal 
command 
are 
together 
inputted 
in 
one line or they are inputted in the separate lines. 
A)LIB80 Internal command <CR) 
(a) 
A)LIB80 
<CR> 
(b) 


* Internal command <CR) 
(a) 
Input 
the 
activation 
command 
and 
the 
internal 
command 
in 
one 
line. 


Return 
to CP/M operating 
system after the execution. 
However, when you 


made 
the new 
lobrary 
file, 
specify 
/E 
switch 
in 
the 
internal 
command 
always. 
(b) 
After 
the calling 
LIB-80 
by 
the activation 
command, 
the asterisk 
(*), 


which 
indicates 
the internal 
command 
waiting 
state 
is outputted. 
The 


internal command 
can be inputted within one 
line. 
After 
the execution 


of 
the internal command, 
the asterisk 
(*) 
is outputted 
again 
and 
the 


state 
becomes 
the 
internal 
command 
waiting. 
The 
specification 
of 
/E 


switch or 
the input 
of 
the control 
C 
«cC» 
is necessary 
in order 
to 


come 
back 
to CP/M 
operating 
system after 
the 
termination 
of LIB-BO. 


However, when only 
the list indication of the library file is executed 


without 
making 
library file, the control 
C 
«cC» 
always 
be used. 
In 


this 
case, 
the 
use 
of 
/E 
switch 
may 
sometimes 
destory 
FORLIB.REL 


(library file name default assumption). 
Further, when the new library file is created, use always /E switch or 
terminates 
at 
the 
control 
C 
«cC» 
after 
the 
specifiecation 
of 
/R 


switch. 
In 
the 
processing 
terminated 
by 
the 
control 
C 
«cC» 
only 


without 
the specification 
of /R switch, 
the new library file cannot be 
created. 


(2) 
Internal command format 
{destfile=}source{sorce 
..•../switch/switch 
..•.} 
(a) 


libfile/switch{/switch ...} 
(b) 
/switch{/switch ...}..... 
(c) 


destfile 
{Drive name:} Created main library filename 
{.extension} 
source 
{Drive name:} Intermediate object filename 
{.extension} or {Drive name:} Intermediate 
object 
filename {.extension} 
{<Object module name 
..•)} 


libfile 
{Drive name:} Library 
filename {.extension} 


(3) 
Function 
of command 


(a) 
Composition 
of library file 
The composition 
is specified by the internal command format (2) (a). 
The 
intermediate 
object 
file, 
which 
is 
specified 
by 
"source", 
the 


library file or the object module in the library file are stored in the 
library file in the specified order, which 
is specified in "destfile". 


"destfile" 
is 
always 
specified 
with 
"-,, 
The 
specification 
of 
"destfile" 
is 
effective 
until 
this 
library 
file 
is 
stored 
in 
the 


diskette 
by 
/R 
switch 
or 
/E 
switch. 
Therefore, 
when 
the 
internal 
command 
line 
is 
changed 
and 
another 
intermediate 
object 
file, 
library 


file 
or 
object 
module 
are 
added 
in 
this 
library 
file, 
the 
same 


"destfile" 
is 
not 
specified. 
If 
/E 
switch 
is 
specified, 
the 
made 


library 
file 
is saved 
in 
the 
diskette 
and 
the 
sate 
is 
returned 
to CP/M 


operating 
system. 
If 
/R 
switch 
is 
specified, 
the made 
Iibrary 
file 
is 


saved 
in 
the 
diskette 
and 
the 
state 
comes 
back 
to 
the 
internal 
command 
waiting 
for making 
the 
new 
library 
file. 
The 
drive 
name 
and 
the 
extension 
are 
omitted 
in 
the 
file 
name 
which 
lS 
specified 
in 
"destfile" 
and 
lIsouce". 
If 
the 
drive 
name 
is 
omitted, 
it 
is regarded 
that 
the 
log-in 
drive 
is 
specified 
and 
if 
the 
extension 
is 
omitted, 
it 
is 
regarded 
that 
REL 
is 
specified. 
The 
extension 
is 
specified 
wi thin 
three 
charac ters. 
If the 
speci fication 
of 
"destfi Ie" 
is omitted, 
it 
is 
regarded 
that 
FoRLIB.REL 
is 
specified 
in 
the 
log-in 
drive. 
When 
another 
library 
file 
is 
made 
"destfile=" 
must 
be 


specified. 
If 
the 
newly 
made 
library 
file 
name 
and 
the 
library 
file 
name 
in the 
diskette 
are 
the 
same, 
this 
library 
file 
is 
the diskette 
is 


eliminated 
when 
the 
newly 
library 
file 
is 
saved. 
Therefore, 
take 
care 
to 
specify 
the 
library 
file 
name. 
When 
LIB-8o 
is 
executed, 
the 


extension 
of 
the 
newly 
made 
library 
file 
is 
.LIB 
until 
/R 
switch 
or/E 
switch 
in 
executed. 
Therefore, 
according 
to 
the 
relation 
between 
the 
extension 
of 
"destfile" 
specified 
by 
the 
internal 
command 
and 
the 


extension 
of 
the 
existing 
file, 
LIB-8o 
makes 
the 
new 
file 
like 
the 


Table 
8.5. 
The 
specification 
of 
destfile 
needs 
the 
full 
attention. 
Moreover, 
the Table 
8.5 
is 
explained 
by 
using 
the 
example 
in which 
the 


file 
main 
name 
is EX. 
REL 
is 
specified 
at 
the 
default 
of 
extension . 


.LIB 
and 
.ABC 
specify 
the extension 
in "destfile". 


EX. REI. 
EX. REI. 
EX.REL 
EX.REL 


Usable 
File 
Proceeded 
File 


EX.LIB 
EX. REI. 


EX.LIB 
EX.REL 
EX.LIB 
EX.ABC 
EX.REL 
EX.ABC 
EX.REL 
EX.LIB 
EX.LIB 
EX.REL 
EX.LIB 
EX. LIB 
EX.ABC 
EX.LIB 
EX.ABC 
EX. LIB 
EX.ABC 
EX.LIB 
EX.ABC 
Two 
EX.ABC 
EX.ABC 
EX.REL 
EX.ABC 


Created 
File 
EX.REL 
EX.REL 
EX.REL 
EX.LIB 
EX.LIB 
EX.LIB 
EX.ABC 
EX.ABC 


When 
the 
library 
file 
is created, 
always 
the 
source 
more 
than 
one 
must 
be 
specified. 
The 
specification 
method 
of 
source 
are 
described 
an below: 
(i) 
In 
the case 
of 
the 
specifciation 
of 
the 
filename 
only 
Delimit 
each 
filename 
by 
comma 
(,) 
and 
then 
specify, 
when 
the 


intermediate 
object 
filename 
or 
the 
library 
filename 
only 
(module 
not 
specified) 
is 
specified 
in 
several 
sources 
ln 
one 
line. 
When 
the 
library 
filename 
only 
is 
specified, 
every 
object 
module, 
which 
is 
contained 
in 
this 
library 
file 
is added 
to the created 
library 
file. 


(ii) 
In 
the case 
of 
the 
specification 
of 
the object 
module 
in 
library 
file 


When 
the 
object 
modfule 
in 
the 
library 
file 
is 
specified, 
put 
the 
object 
module 
in 
"< 
>" 
after 
the 
library 
name. 
The 
multiple 
specification 
of 
the 
object 
module 
can 
be 
executed 
by 
the 
del imiting 
with 
comma 
(,). 
Several 
library 
filename 
<object 
module 
name, 
••.• > in 
one 
line 
are 
specified 
by 
delimiting 
with 
comma(,). 
The 
object 
module 
name 
is 
given 
by 
TITLE 
instruction 
or 
NAME 
instruction. 
If both 
of 
TITLE 
instruction 
and 
NAME 
instruction 
is 
not 


used, 
the 
main 
name 
of 
the 
source 
file 
is 
spcified. 
The 
specified 
object 
module 
must 
be 
contained 
in the 
specified 
library 
file. 


The 
specification 
method 
of 
the 
object 
module 
are 
described 
as 
below. 
The 
symbol 
and 
expression 
in the explanation 
are 
as 
follows. 


libefile 
Library 
filename 


modl, 
mode2 
Each 
object 
module 
name 
1n "libefile" 


modmm 
moden 
Module 
name 
of modl, 
mod2 
••• 
n 
Integer 
1 to 255 
(offset 
number) 
1] 
Specify 
one 
object 
module 
in the 
library 
file. 
libefile 
<mod> 


2] 
Specify 
multiple 
object 
module 
in the 
libarry 
file 


libefile 
<modl,mod2, 
.•..> 


3] 
Specify 
each 
module 
from 
the 
head 
object 
module 
in 
the 
library 
file 
to 


the 
indicated 
object 
module. 
libefile 
< .•modm> 
4] 
Specify 
each 
module 
from 
the 
indicated 
object 
module 
to 
the 
end 
object 
module 
in 
the 
library 
file. 


libefile 
<modn ••> 
5] 
Specify 
each 
module 
from 
the 
indicated 
object 
module 
to another 
object 
module. 


libefile 
<modm 
..modn> 
6] 
Specify 
the 
module 
by 
the 
offset 
number 
based 
on 
one 
certain 
object 
module. 


libefile 
<modm+n> 


libefile 
<modn-n> 


"n" 
is 
the 
offset 
number 
and 
is 
specified 
from 
1 
to 
255. 
The 
object 
module, 
which 
lies 
on 
backwards 
(+) 
by 
n 
or 
forwards 
(-) 
by 
n 
is 
specified 
from 
the 
library 
file. 


The 
global 
symbols 
which 
is 
necessary 
at 
time 
of 
linking 
must 
be 
contain 
the 
intermediate 
object 
file, 
library 
file 
or 
each 
module. 
Each 
module 
of 
the created 
library 
file 
is stored 
in order 
of 
specified 
in the 
source. 
The 
library 
search 
can 
be 
executed 
through 
one 
pass 
in 


LINK-SO 
when 
the 
library 
filename/S 
is 
specified 
in 
LINK-SO 
and 
the 
reference, 
which 
can 
not 
be 
solved 
in 
the 
ordinary 
link 
loading 
is 
de- 


sired 
to solve. 
Therefore, 
at 
the making 
of 
the 
library 
file, 
edit 
to 


store 
the external 
reference 
symbol 
containing 
object 
module 
afterwards 
the object 
module, 
of which 
the 
symbol 
is defined 
(global 
symbol). 
(b) 
Display 
of 
library 
information 


This 
disoplay 
is 
specified 
by 
the 
internal 
command 
format 
(2) 
(b). 
If 
the 
drive 
name 
of 
"libfile" 
and 
extension 
are 
omitted, 
the 
liog-in 
drive 
and 
.REL 
is 
sepcified 
respectively. 
Also, 
the 
file, 
which 
is 
specified 
in libfile 
must 
be 
the 
same 
file, 
which 
is stored 
already 
on 


on 
the 
diskette. 
By 
the 
specification 
of Iu 
switch 
just 
afterwards 
the 


library 
filename, 
the 
library 
file 
can 
be 
searched 
through 
one 
pass 
and 
the 
external 
referol 
symboles 
which 
are 
undefined 
can 
be 
displayed. 
When 
the module 
of which 
global 
symbol 
is defined 
exists 
afterwards 
the 


module 
of which 
is 
referred 
the 
global 
symbol, 
this 
external 
reference 
symbol 
is considered 
as undc:fined. 


By 
the 
specification 
of IL 
switch 
just 
afterwards 
the 
library 
filename, 
each 
module 
name 
of 
the 
library 
file 
and 
the 
definition 
of 
the 
global 


symbol 
containing 
in 
the 
module 
is 
displayed. 
In 
case 
of 
the 
specification 
of 
lu 
switch 
and 
IL 
switch, 
the 
figle 
specified 
just 


fowrard 
those 
swtiches 
is not 
added 
to the 
library 
file 
(destfile). 


(c) 
Switch 
Switches 
give 
the 
indication 
of 
the 
additional 
function 
to 
the 
library 


manager. 


8.6.2 
Library 
manager 
switch 


The 
switch 
executes 
the additional 
function 
of LIB-80 
and 
1S 
specified 
by 
adding 
the 
slash 
(I) just 
before 
it. 


Table 
8.6 
shows 
the available 
switch 
in LIB-80. 


1 
Switch 
processing 


1 
IE 
This 
switch 
returns 
the control 
to CpIM 
operating 
system. 


1 
The 
library 
file which 
is creating 
presently 
is saved 
on 
the 


1 
diskette 
in the 
specified 
filename. 


1 
When 
the composition 
of 
the 
library 
file 
is not 
newly 
saved 
I 
or when 
the processing 
ends 
with 
the 
indication 
of 
the 
I 
library 
information 
only, 
the 
file 
of FORLIB.REL 
is saved 
by 


1 
the 
specification 
of IE 
switch. 
Therefore, 
return 
the 
I 
control 
to CpIM 
operating 
system 
using 
the 
control 
C 
«cC»). 
I 
1-------- ---------------------------------------------------------------1 
I 
IR 
This 
switch 
saves 
the 
library 
file 
which 
is creating 
pre- 
I 


1 
sently. 
The 
saving 
method 
and 
th2 hints 
are 
similar 
to IE 
I 


1 
switch. 
Differing 
from IE 
switch, 
the control 
does 
not 
re- 
I 


1 
turn 
to 
CpIM 
operating 
system 
after 
the execution 
and 
so the 
1 
control 
becomes 
the 
internal 
command 
waiting 
state. 
There- 
1 
for another 
library 
file 
can 
be made. 
I 


-------- 
---------------------------------------------------------------1 
Ic 
This 
switch 
gives 
up the 
library 
file 
under 
making 
and 
I 


restarts 
it. 
I 


1-------- -------------------------------- 
..------------------------------1 
I 
lu 
This 
switch 
searches 
the 
specified 
file 
and 
outputs 
the 
list 
I 


1 
of 
the global 
symbol 
which 
is not 
defined. 
I 


-------- 
---------------------------------------------------------------1 
IL 
This 
switch 
outputs 
the module 
in the 
specified 
file 
and 
the 
1 
list 
of 
the global 
symbol 
which 
is defined 
in this module. 
1 


--------1---------------------------------------------------------------1 
10 
1 
This 
switch 
gives 
octal 
output 
mode 
for IL 
switch. 
1 


--------1---------------------------------------------------------------1 
/H 
I This 
switch 
gives 
hexadecimal 
output 
mode 
for IL 
switch. 
I 


I 
(hexadecimal 
is used 
at 
the default 
assumption.) 
1 


8.6.3 
Example 
of command 
input 


Suppose 
that 
the 
following 
files 
are 
stored 
on drive 
A and 
drive 
B. 


LIBI.REL 
(Drive 
A) 
OBJ.REL 
(Drive 
A) 
LIB2.REL 
(Drive 
B) 


MODI 
MOD2 
MOD3 
MOD4 
MODS 
MOD6 


MODA 
MODB 


(Example 
I) 
A>LIB80 
NEWLIB=LIBI<MOD2 
..MOD4,MODI>,OBJ/E 
<CR> 
After 
creating 
library 
file 
NEWLIB.REL 
on 
the drive 
A, 
return 
to the CP/M 
oping 
system. 
The 
configuration 
of NEWLIB.REL 
is shown 
as 
following. 


MOD2 
MOD3 
MOD4 
MODI 
MODX 


* ASMLIB=B:LIB2<MODA> 
<CR> 
I 
(b) 


* LIBI<MOD3-1 
.•MOD3+2>/E 
<CR> 
I 


(a) 
Create 
the 
new 
library 
file 
NEWLIB.REL 
o~drive 
B. 
The 
configuration 
is 
shown 
as 
follows. 
After 
the 
terminaton 
the 
control 
returns 
to 
the 
internal 
command 
wating 
state 
and 
the 
creation 
of 
another 
library 
file 


becomes 
possible. 


MODI 
MODS 
MOD6 
MODA 
MODB 


(b) 
Save 
the 
library 
file 
ASMLIB.REL 
on 
drive 
A. 
Thereafter 
the 
control 
returns 
to 
CP/M 
operating 
system. 
The 
configuration 
of 
ASMLIB.REL 
is 
shown 
as 
follows. 


MODA 
MOD2 
MOD3 
MOD4 
MODS 


(Example 
3) 
A)LIB80 
<CR) 
(a) 
* LIB/L 
<CR) 
(b) 
* 
<CR) 
(c) 


(a) 
Activate 
LIB-80. 
Output 
the 
asterisk 
(*) which 
indicates 
the 
internal 


command 
waiting 
state. 
(b) 
Each 
module 
name 
in 
library 
file 
LIB.REL 
and 
the 
global 
symbol 
in 
the 


module 
are 
expressed 
in the 
cross 
reference 
format. 


(c) 
The 
control 
returns 
to CP/M 
operating 
system 
without 
saving 
the 
library 


file. 


9.1 
Example 
of 
Jse 
of 
special 
instructions 


(Example 
1) 
The 
following 
is an 
exampl e 
which 
the 
data 
of 
737-byte 
length 
is 
transferred 
from 
the memory 
of 
beginning 
at 
address 
"DATA" 
to another 
memory 
of beginning 
at 
address 
"BUFFER". 


LD 
HL,DATA 


LD 
DE,BUFFER 
LD 
BC,737 
LDIR 


START 
ADDRESS 
OF 
DATA 
STRING 
START 
ADDRESS 
OF 
TARGET 
BUFFER 


LENGTH 
OF 
DATA 
STRING 


MOVE 
STRING 
- TRANSFER 
MEMORY 
POINTED 
TO 


INCREMENT 
HL AND 
DE DECREMENT 
BC 
PROCESS 
UNTIL 
BC=O 


11 bytes, 
and 
one 
byte 
is 
transferred 
in 21 clock 
This 
operation 
requires 
cycles. 


(Example 
2) 
The 
following 
is an 
example 
which 
the 
data 
is 
transferred 
from 
the memory 
of 
beginning 
at 
address 
"DATA" 
to another 
memory 
of 
beginning 


at 
address 
"BUFFER" 
until 
the 
ASCII 
character 
'$' 
(used 
as 
a 
rany 


boundary) 
appears. 
The 
maX1mum 
transfer 
characters 
shall 
be 
132 


characters. 


LD 
HL, DATA 
START 
ADDRESS 
OF 
DATA 
STRING 
LD 
DE,BUFFER 
START 
ADDRESS 
OF TARGET 
BUFFER 
LD 
BC,132 
MAXIMUM 
STRING 
LENGTH 
LD 
A, 
'$ , 
STRING 
DELIMITER 
CODE 
LOOP: 
CP 
(HL) 
COMPARE 
MEMORY 
CONTENTS 
WITH 
DELIMITEK 
JR 
Z 
,END 
GO 
TO 
END 
IF CHARACTER 
EQUAL 
LDI 
MIVE 
CHARACTER(H,L) 
TO 
(DE) 


INCREMENT 
HL AND 
DE,DECREMENT 
BC 
JP 
PE,LOOP 
GO 
TO 
"LOOP" 
IF MORE 
CHARCTERS 


END: 
OTHERWISE,FALL 
THROUGH 


NOTE: 
P/V 
FLAG 
IS USER 
TO 
INDICATE 
THAT 
REGISTER 
BC WAS 
DECREMENTED 
TO 
ZERO 
This 
operation 
requires 
19 bytes. 


(Example 
3) 
Fig. 
9.1 
shoiws 
the 
multiplication 
and 
division 
are 
done 


mec~anically 
by 
shifting 
the 
16 figure 
of 
decimal 
which 
is 
represented 
in 
the 
packed 
BCD 
format 
(BCD/byte 
of 
2 digits). 


LD 
HL,DATA 
START 
ADDRESS 
OF 
FIRST 
BYTE 
LD 
B 
,COUNT 
SHIFT 
COUNT 
XOR 
A 
CLEAR 
ACCUMULATOR 
ROTAT: 
RLD 
ROTATE 
LEFT 
LOW 
ORDER 
DIGIT 
IN ACC 
WITH 
DIGITS 
IN 
(HL) 
INC 
HL 
ADVANCE 
MEMORY 
POINTER 


DJNZ 
ROTAT 
DECREMENT 
B AND 
GO 
TO 
ROTAT 
IF B IS 
NOT 
ZERO 


OTHERWISE 
FALL 
THROUGH 


This 
operation 
requires 
11 bytes. 


17 
43 
01 
1-------------------1 


I 
<----------> 
1 
1-------------------1 


I 
<----------> 
1 


1-------------------1 


1 
<----------> 
1 
1-------------------1 
I 
<----------> 
I 


1----<==========;---/ 
1-------------------1 


1 
<----------> 
1 


1-------------------1 


I 
<----------> 
1 
1-------------------1 


I 
<----------> 
1 
1-------------------1 


I 
<----------- 
1 <-- 
D 


1-------------------1 


(Example 
4) 
An 
example 
of 
operation 
under 
the 
following 
conditions 
at 


subtraction 
is 
shown. 


(1) 
Both 
the 
numbers 
are 
the packed 
BCD 
formats. 


(2) 
Both 
the numbers 
are 
equal 
in variable 
length. 
(3) 
Result 
is stored 
in 
the position 
of minuend. 


LD 
HL,ARGl 
ADDRESS 
O~ MINUEND 
LD 
DE,ARG2 
ADDRESS 
O~ 
SUBTRAHEND 
LD 
B , LENGTH 
LENGTH 
O~ TWO 
ARGUMENTS 
AND 
A 
CLEAR 
CARRY 
FLAG 


SABDEC: 
LD 
A 
,(DE) 
SUBTRAHEND 
TO ACC 
SBC 
A 
,(JL) 
SUBTRACT 
(HL) 
~ROM 
ACC 
DM 
ADJUST 
RESULT 
OT 
DECIMAL 
CODED 
VALUE 
LD 
(HL) ,A 
STORE 
RESULT 
INC 
HL 
ADVANCE 
MEMORY 
POINTERS 
INC 
DE 
DJNZ 
SUBDEC 
NOT 
Z"RO 
OTHERWISE 
~ALL 
THROUGH 
This 
operation 
requires 
17 bytes. 


9.2 
Example 
of programming 
task 


(Example 
1) 
The 
programming 
(assebmle 
list) 
shown 
below 
is an example 
which 
the array 
of 
the 
range 
from 
0 
to 255 
is sorted 
in descending 
order 
by use 
of a standard 
exchange 
sorting 
algorithm. 


SORT 
MACRO-80 
3.44 
09-Dec-81 
PAGE 


.Z80 
TITLE 
SORT 
* * * STANDARD 
EXCHANGE(BUBBLE) 
SORT 
ROUTINE * * * 


AT 
ENTRY: 
HL 
CONTAINS 
ADDRESS 
OF 
DATA 
C CONTAINS 
NUMBER 
OF 
ELEMENTS 
TO 
BE 
SORTED 
(l<C<256) 


A 
TEMPORARY 
STORAGE 
FOR 
CALCULATIONS 
B 
COUNTER 
FOR 
DATA 
ARRAY 
C 
LENGTH 
OF 
DATA 
ARRAY 
D 
FIRST 
ELEMENT 
IN COMPASION 


E 
SECOND 
ELEMENT 
IN COMPARIOSN 


H 
FLAG 
TO 
INDICATE 
EXCHANGE 


L 
UNUSED 
IX 
POINTER 
INTD 
DATA 
ARRAY 


IY 
UNUSED 


0000' 
22 
0026' 
SORT: 
LD 
(DATA) ,HL 
;SAVE 
DATA 
ADDRESS 
0003' 
CB 84 
LOOP: 
RES 
FLAG,H 
;INITIALIZE 
EXCHANGE 
FLAG 
0005' 
41 
LD 
B,C 
;INITIALIZE 
LENGTH 
COUNTER 
0006' 
05 
DEC 
B 
;ADJUST 
FOR 
TESTING 
0007' 
DD 
2A 0026' 
LD 
IX, (DATA) 
;INITIALIZE 
ARRAY 
POINTER 
OOOB' 
DD 
7E 00 
NEXT: 
LD 
A, (IX) 
;FIRST 
ELEMENT 
IN COMPARISON 
OOOE' 
57 
LD 
D,A 
;TEMPORARY 
STORAGE 
FOR 
ELEMENT 
OOOF' 
DD 5E 
01 
LD 
E, (IX+l) 
;SECOND 
ELEMENT 
IN COMPARISON 
0012' 
93 
SUB 
E 
;COMPARISON 
FIRST 
TO 
SECOND 
0013' 
30 08 
JR 
NC,NOEX 
;IF FIRST)SWCOND,NO 
JUMP 
0015' 
DD 
73 00 
LD 
(IX),E 
;EXCHANGE 
ARRAY 
ELEMENTS 
0018' 
DD 
72 01 
LD 
(IX+l),D 


OOlB' 
CB 
C4 
SET 
FLAG,H 
;RECORD 
EXCHANGE 
OCCURRED 
OOlD' 
DD 
23 
NOEX: 
INC 
IX 
;POINT 
TO 
NEXT 
DATA 
ELEMENT 
OOlF' 
10 EA 
DJNZ 
NEXT 
;COUNT 
NUMBER 
OF 
COMPARISONS 
;REPEAT 
IF MORE 
DATA 
PAIRS 
0021 ' CB 44 
BIT 
FLAG,H 
;DETERMINE 
IF EXCHANGE 
OCCURRED 
0023' 
20 
DE 
JR 
NZ,LOOP 
;CONTINUE 
IF 
DATA 
UNSORTED 
0025' 
C9 
RET 
;OTHERWI SE 
EXIT 


0000 
FLAG 
EQU 
0 
;DESIGNATION 
OF 
FLAG 
BIT 
0026' 
DATA: 
DEFS 
2 
;STORAGE 
FOR 
DATA 
ADDRESS 
END 


SORT 
MACRO-80 
3.44 
o9-Dec-81 
PAGE 
S 
MACROS: 
Symbols: 
0026' 
DATA 
0000 
FLAG 
0003' 
LOOP 
OOOB' 
NEXT 
oolD' 
NOEX 
0000' 
SORT 
No Fatal 
error(s) 
MAC80-140 


(Example 
2) 
which 
two 
placed 
in 
swi tch 
is 


1 
2 0000' 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 0000' 
19 0002' 
20 
0003' 
21 0004' 
22 
0005' 
23 0008' 
24 OOOA' 
25 OOOB' 
26 OOOD' 
27 
28 OOOE' 
29 OOOF' 
30 0010' 
31 0011' 
32 
0013' 
33 


Symbols: 
0008' 
MLOOP 


The 
program 
(cross 
reference 
list) 
shown 
below 
is 
an 
example 
codeless 
16-bit 
integers 
are multiplied, 
the 
result 
of which 
is 


the 
register 
pair 
HL. 
When 
this 
program 
is 
assembled, 
the 
/Z 


specified. 


TI TLE 
MULTI PLY 
MULTI:; 
UNSIGNED 
SIXTEEN 
BIT 
INTEGER 
MULTIPLY. 
ON 
ENTRANCE: 
MULTIPLIER 
INDE. 
MULTIPLICAND 
IN HL. 


H 
HIGH 
ORDER 
PARTIAL 
RESULT 
L 
LOW 
ORDER 
PARTIAL 
RESULT 
D 
HIGH 
ORDER 
MULTIPLICAND 
E 
LOW 
ORDER 
MULTIPLICAND 
B 
COUNTER 
FOR 
NUMBER 
OF 
SHIFTS 
C 
HIGH 
ORDER 
BITS 
OF MULTIPLIER 
A 
LOW 
ORDER 
BITS 
OF 
MULTIPLIER 


06 
10 
4A 
7B 
EB 
21 0000 
CB 
39 
IF 
30 01 
19 


EB 
29 
EB 
10 F5 
C9 


MLOOP 
MULTI 
NOADD 


B,16 
C,D 
A,E 
DE,HL 
HL,O 


C 


;NUMBER 
OF 
BITS-INITIALIZE 
;MOVE 
MULTIPLIER 


;MOVE 
MULTIPLICAND 
;CLEAR 
PARTIAL 
RESULT 
;SHIFT 
MULTIPLIER 
RIGHT 
;LEAST 
SIGNIFICANT 
BIT 
IS CARRY 


;IF NO CARRY,SKIP 
THE 
NOADD 
;ELSE 
ADD 
MULTIPLICAND 
TO 
PARTIAL 
RESULT 
;SHIFT 
MULTIPLICAND 
LEFT 
;BY MULTIPLYING 
IT BY TWO 


NC,NOADD 


HL, 
DE 


EX 
ADD 
EX 
DJNZ 
RET 
END 


DE,HL 
HL,HL 
DE,HL 
MLOOP 


;l> 


II 


'd 
'd 
Il> 
" 
Lower 
0- 


2 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
f 
,.., 


Upper 
>< 


LO 
(J) 
LO 
IHC 
IHC 
OEC 
LO 
(2) 
ADO 
LO 
OEC 
IHC 
OEC 
LO 
(2) 
RRCA 
:t> 


BC,mn 
(BC),A 
BC 
B 
B 
B, n 
HL, BC 
A, (BC) 
BC 
C 
C 
C, n 


DjNi(i) 
, (Dii) 
. LO 
"INC 
"'iNe 
OEC 
LD 
(2)RLA 
. ADD 
LO 
"DEC 
'INc 
"DEC 
'LD 
(2) 
RRA 
n 
0 
$.e 
OE,mn' 
(Of),A 
DE 
0 
o 
' 0, n 
$·e 
HLOE 
' A, (Of) 
DE 
E 
E 
E, n 
0- 


Il> 


jR(2i 
(iiii)'Liili) 
INC 
IHC 
'OEC 
. "'LD 
..(2) 
'OM 
JR 
(2) 
'ADD 
(0 
(i) 
'DEc' 
, IHC 
'DEc 
Lo 
Ii) 
cp( 
;.: 


HZ,$·e 
HL,mn 
'(mn),HL 
HL 
H 
H 
H, n 
, Z,$'e 
HL,HL 
HL, (mn) 
HL 
L 
L 
L, n 
" 
JR(2) 
, 
(3) 
(0 
Ii) 
IHC 


··········,··INC 
....... 
,. OEC 
. siT 
.·jRli) 
ADD 
"(0 
(i) "DEC 
INC 
TDEC 
LO(2) 
,if 


'0 


LO 
LO 
(2) 


HC,$.e 
.SP, 
mn 
' (mn), 
A 
' SP 
......... 
' (HE) 
(HL) 
, (HL), 
n 
C,$'e 
HL, SP 
A, (mn) 
SP 
A 
A, n 
0..•. 


......... 
", ...... 
- ...... -.--,- .... 
To 
.....• 
LD 
....... 
, 
,... , 
,............ 


LO 
. LO 
LV 
LO 
LO 
LO 
LO 
. LO 
LO 
LO 
LO 
LO 
LO 
;.: 


B,B 
......... :B,C 
.......• 
B,O 
B, E 
B,H 
B, L 
. B, (HL) 
S, A 
C, B 
C,C 
C,O 
C,E 
C,H 
C, L 
C, (HL) 
C,A 
" 
() 


LO 
LO 
' LO 
Lii 
LO 
LD 
.. ·····LD 
.... :LD 
:LO 
Lii 
. Lo 
LD 
"Lo 
LD 
LO 
LO 
::r,.., 


0, B 
O,C 
0,0 
0, E 
O,H 
0, L 
O,(HL) 
. 
,O,A 
f.B 
E,C 
E,O 
U 
E,H 
E,L 
f,(HL) 
LA 
" 
...... 
, (D····· 
, (0 
Lii 
'LD 
To 
To 


.. , LO 


LD 
LD 


Il> 


LO 
LO 
LO 
LO 
LO 
LO 
LO 
H 


H,B 
H,C 
'H,O 
H, E 
H,H 
H, L 
H, (HL) 
H,A 
L, B 
L,C 
L,O 
L,E 
L,H 
.... 
,L,L 
L,(HL) 
LA 
" 
r; 


................. 
" ........... 
. .................... 
,-,. 


. HALTLo 
. LD 
<n 


LO 
LO 
LO 
. LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
'"' 


:t> 
n 
7 
(HL),B 
(HLl,C 
. (HL),O 
• (HL),E 
(HL),H 
(HL),L 
(HL),A 
A, B 
A,C 
A,O 
A, E 
A,H 
A, L 
A, (HL) 
.I,A 
'" 
'd 
00 
" 
'd 
0 
........ 
",."-." 
....... 
-.-., .. ,, ..................... 
,..... ", ..... 
-.. 


ADO 
ADO 
ADO 
AOC 
AOC 
AOC 
AOC 
AOC 
AOC 
AOC 
AOC 


() 
'" 
I 
,-.00 
ADO 
ADO 
ADO 
ADD 
'"' 
z 
•.... 
8 
A, B 
A,C 
A,O 
A, E 
A,H 
A, L 
A, (HL) 
A,A 
A, B 
A, C 
A,O 
A, E 
A,H 
A, L 
A, (HL) 
A,A 
,.., 


'" 
-I" 
0 
H 


too> 
SUB 
'SIIB 
SIIB 
'SIIB' 
SUB 
SUB 
. SUB 
. ····SUB 
SBC 
SBC 
. "'sBe 
SBC 
SBC 
SBC 
SBC 
SBC 
" 
x 


B 
C 
'0 
E 
H 
L 
(HL) 
A 
,A,B 
A,C 
A,O 
,A,E 
.. 
A,H 
A, L 
, A, (HL) 
, A,A 
~ 
:t> 


. 
'AND 
: AND 
AND ., 
AND 
'AND 
'AND 
AND 
XOR 
'xIlR 
' XOR 


•.... 
AHO 
XOR 
XOR 
XOR 
XOR 
XOR 
-.. 


B 
C 
.0 
E 
H 
L 
(HL) 
A 
B 
C 
H 
L 
(HL) 
A 
a- 
n 
~ 
0 


OR 
OR 
OR 
····IlR 
OR "'oR 
IlR 
OR 
CP 
CP 
CP 
CP 
CP 
CP 
0- 


Il> 


B 
C 
0 
E 
H 
L 
(HL) 
A 
B 
C 
0 
E 
H 
L 
(HL) 
A 
;.: 


RfT 
pop 
JP 
(J) 
JP 
(J) 
CALL (i) 
PUSH 
ADD 
(il 
RsT 
RfT 
RfT 
jp 
(J) 
.. CALL 
(3) 
CALL 
(J) 
AOC 
(2) 
RST 
" 


HZ 
BC 
HZ,mn 
on 
HZ, mn 
BC 
A, n 
DOH 
Z 
Z,mn 


(OPCB) 
Z,mn 
on 
A, n 
08H 


RET' 
PIlP 
JP 
(3) 
. OIlT 
(2)' 
CALL 
(3) 
PUSH 
'SIIB 
(2) 
RST 
RET 
EXX 
JP 
(J) 
IH 
(2) 
CAU(3) 
SBC 
(2)" 
RST 
0..•. 


HC 
. DE 
HC,mn 
(n),A 
HC, mn 
DE 
n 
10H 
C 
C,on 
A, (n) 
C,mn 
(OPOO) 
A, n 
18H 
;.: 
jp(3) 
'EX 
...... 
, CALL (3) 
'PUSH 
AHO 
(2)RSi 
RfT 
(J) 
'EX 


... 


CALL(J) 
, 
XOR 
(2) 
RST 
" 
RfT 
POP 
JP 
JP 
() 


PO 
HL 
PO,mn 
(SP),HL 
PO,mn 
HL 
n 
20H 
PE 
(Hl) 
PE,mn 
Of,Hl 
Pf,mn 
(OPED) 
n 
28H 
::r,.., 


RET 
POP 
JP 
(3) 
01 
CALL 
(3) 
PUSH 
OR 
(2) 
RST 
RfT 
LO 
JP 
(J) 
EI 
CALL 
(3) 
CP 
(2) 
RST 
" 
(OPfO) 
Il> 


P 
Af 
P,mn 
P,mn 
AF 
n 
JOH 
H 
SP,HL 
H,mn 
H,mn 
n 
38H 
H 
" 
(Hote) 
The 
""moor 
in 
the 
brackets 
"( 
)" 
displayes 
a byte 
""mber 
of 
instruction, 


<n 
'"' 


Ho entry 
displayes 
an 
one 
byte 
instruction, 
'" 
" 
"$" 
leans 
that 
the 
value 
of 
the 
location 
counter 
of 
the 
current 
5elIment 
is 
referred, 


() 
'"' 
However, 
-126 
;;ie 
;;i 
129, 
,.., 
0 
" 


:>- 
.-j 


." 
0 


." 
CIl 


(OPC8) 
... 
COde of 
first 
byte 
C811 
C1l 
oc 
;:l 
H 


lower 
0- 
'" 


I 


•... 
:>- 


Upper 
>< 


RlC 
RlC 
RlC 
RlC 
RlC 
RlC 
RlC 
RlC 
RRC 
RRC 
RRt 
RRC 
RRC 
RRC 
RRt 
RRC 
:>- 


8 
C 
0 
H 
l 
(HL) 
A 
8 
C 
0 
E 
H 
l 
(HL) 
A 
I 
I 


Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
, RR 
RR 
RR 
RR 
RR 
RR 
RR 
RR 


I 


n 
0 


C 
0 
E 
H 
l 
(HL) 
A 
8 
C 
0 
E 
H 
.... 
,L 
(HL) 
A 
0- 


·········'S(:.I· 
.. 
... ····StA 
. sRi. 
.. 


SRA 


C1l 


SlA 
SlA 
SlA 
SlA 
SlA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 


, C 
'0 
H 
l 
..... Jlll) 
A 
8 
C 
0 
E 
H 
l 
(HL) 
I 
3: 


A 
I 
'" 
SRl 
SRl 
SRl 
SRl 
SRl 
SRl 
SRl 
SRl 
." 


I 


8 
0 
E 
H 
l 
(HL) 
A 
I 
0 


.. 


f 
'" 
.. BiT 
BIT 
8IT 
8IT 
BIT 
81T 
BIT 
3: 
~,~. 
O.C 
0.0 
,O.E 
O.H 
O.l 
........ ,O.(HL) 
O.A 
1,8 
l.C 
1,0 
1,[ 
I,H 
1,l 
1, (HL) 
1,A 


I 
'" 
BiT" 
'sIT" 
8iT 


n 


BIT 
BIT 
BIT 
81T 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
81T 
81T 
:r 


3,E 
3, (HL) 


I 


•... 


2,8 
2,C 
...... ,2,0 
2,E 
2,H 
2, l 
,2,(HL) 
2,A 
3,8 
3,C 
3,0 
3,H 
3, l 
3,A 
;:l 


SIT' 
BIT 
81T 
BIT 
BIT 
8IT 
BIT 
BIT 
BIT 
siT 
BIT 
81T 
BIT 
BIT 
BIT 
BIT 


C1l 


4,8 
4,C 
'4,0 
4, E 
' 4,H 
4,l 
4,(HL) 
4,A 
5,8 
5.C 
5,0 
5,E 
5,H 
5,l 
5,(HL) 
5,A 
I 
H 


I 


;:l 
3: 
81T 
81T 
'BIT 
BIT 
BIT 
BIT 
81T 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
</> 
:>- 
'"' 
:>- 
n 
6,8 
6,C 
6,0 
6,E 
6,H 
6, l 
6,(~l) 
6,A 
7,8 
.............7"C 
__-!co 
7,E 
.JH 
.T,t. 
7, (HL) 
.LA 
I 
'i 
." 
ex> 
········1 
" 
." 
0 
RES ····,;REs.-----REs,-- 
RES 
""RES 
····"'RES'· 
RES 
REs 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
n 
'" 
I 
'"' 
Z 
~ 
0,8 
O,C..O,O 
0, E 
O,H 
0, l 
0, (HL) 
... 
O,A 
1,8 
1,C 
1,0 
I,E 
1,H 
..................I.,.t,. 
1, (HL) 
1,A 
•... 
0 
_ ....... 
··················RES 
........... 


'RES 
,. 
REs'" 
REs .,. 
RES 
·REs'····· 
.. RES 
0 
H 
w 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
;:l 
:>< 


2,8 
~,C 
2,0 
2, E 
2,H 
2, l 
2, (HL) 
2,A 
'3,8 
3,C 
3,0 
3, E 
3,H 
.3,[ 
3, (HL) 
3,A 
:>- 


"'REs" 
'RES 
REs 
RES 
RES 
RES 


........"'RES 
. 
RES 
. RES 
'REs 
.... 
RES 
RES 
RES 
RES 
RES 
RES 
N 
---- 


4,8 
4,C 
4,0 
4,E 
4,H 
4.l 
..... ;4,(Hl) 
4,A 
5.8 
.5,C 
5,0 
5.E 
5.H 
5,l 
5. (Hl) 
5,A 
a- 
n 


.....• 
.......... , 
0 


RES' 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
' RES 
. RES 
RES 
RES 
0- 


C1l 


6,8 
6,C 
6,0 
...... 
,6,E 
......... 6,H 
....6.. l ... 
.. ...6,JHL) 
6,A 
7,8 
7,C 
7,0 
7,E 
7,H 
7,l 
7,(HL) 
7,A 
3: 


SET 


. SET .... 
·······SET 
SET 
SET 
SET 
SET 
····SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
'" 
0,8 
O,C 
0,0 
0, E 
O,H 
0, l 
0, (IlL) 
O,A 
1,8 
1,C 
1.0 
1,[ 
1,H 
1,L 
1, (HL) 
1,A 


SET' 
SET 
sET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
0 
'" 
2,8 
2,C 
2,0 
2,E 
.... 2,H 
2.l 
2, (HL) 
2,A 
3,8 
3,C 
3,0 
3, E 
,3.H 
3, l 
3, (HL) 
3, A 
3: 


SET 


.... 
SET ................SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
'"n 


4,8 
4,C 
4,0 
4. E 
4,H 
4,l 
4, (HL) 
4,A 
5,8 
5,C 
5,0 
5,E 
5,H 
5,l 
5, (HL) 
5,A 
:r 


SET 


.... 


SET 
SET 
'SET 
SET 


•... 


SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
;:l 


16.8 
7,E 
7,11 
7, (HL) 
7, A 


C1l 
6,C 
6,0 
6. E 
6,H 
6, l 
6, (HL) 
6,A 
7,8 
7,C 
7,0 
7,l 
H 
;:l 


(Note) 
All 
instruction 
in 
this 
table 
is a two 
byte 
instruction. 
</> 
'"''i 
"n 
'"'•... 
0 
;:l 


(OPOO) ..• 
Code or r i rst 
byte 000 


LOIler 
I 


Upper 


ADO 
.IX. Be 


ADO 


.IX.OE 
, ADO 


Ix.IX 


ADO 


....IX,SP. 


IHC 
(3) 


:U~~~) 


Lo 
(3) 
LO 
(3) 'LO 
(3) 
LO 
(3) 
LD'" 
(3) 
LO 
(3) 
LDim' 


(IX-d). 8 
(IX-dl,C,IIX-d),O 
(IX-d).E 
(IX-dl.H 
(IX-dl.l 
. (IX-d).A 
ADO (3) 


A. (IX-d) 
siiilii) 
(IX-d) 
MiD 
(3) ., 


. (IX-d) 
'OR .,. (3) , 


(IX-d) .. 


EX 
.,(SP), 
IX 


(Hote) 
The oolber 
in the branckets 
"( 
)" displayes 
a byte oolber or instruction, 


Ho entry 
displayes 
a two byte instruction, 


LO(4) 
OEC 


IX,~ln) 
,~~ 


:>- 
>-l 


"" 
0 
"" 
Vl 


n> 
:x: 


;:l 
H 
0- 
'" 
•... ' 
:>- 
x 


:>- 


I 
n 
0 


I 


0- 
n> 
3: 


I 
'" 
"" 


··········1 


0 


"" 


LO 
(3) 
3: 
C. (IX-d) 


1 
'"n 


LO' 
(3) 
:::r 
•... ' 
E. (IX-d) 


1 


;:l 


LO 
(3) 


n> 


L. (IX-d) 


1 


H 


" 


;:l 


LO 
(3) 
'",., 
:>- 
A, (IX-d) 


1 


'" 
"" 
c 
"" 
AOC (3) 
n 
'" 
,., 
z 
A, (IX-d) 


1 


•.... 
'" 
(3) 
0 
H 
S8C 
;:l 
>< 


A. (IX-d) 


I 


I 


~ 
:>- 
XOR (3) 
w-- 
(IX-d) 


I 
0"- 
n 


I 


0 
CP 
(3) 
0- 
n> 


(IX-d) 
! 
I 
3: 
'" 
I 
I 


0 


"" 


1 


3: 
'"n 


i 
:::r 


I 
•.... 


I 
;:l 
n> 


H 
;:l 
'",., 
'"Cn,., 
•.... 
0 
;:l 


JP 


, (IX) 
., 


LO 


SP, IX 


(OPED) 
••• 


Lower 
Upper 


IH 
' LO·······IN 


O.,I,A. 
C, (c) 


IH 
LOiN 
1 
A,I 
E. (c) 
'Riio 
'IN 
. 


........ 
:.L.,J.cl 


IN 


A, (cL 


(Note) The Illiber in the branckets "( 
)" displayes 
a byte Illiber of 
instruction. 
No entry displayes 
a two byte instruction. 


OUT 
AliC'''''LO 
(4) 
····RETI 


(c),C 
Hl.8C 
!8C,(ln) 
'ouT 
········AOC"'Tio 
(4) 
. 


(cl,[ 
HUE 
DE.(In) 
ouT 
AOC 
LO" (4)':' 


(c),l 
HL,.Hl 
HL,(ln); 


OUT 
AOC 
LO 
(4) 


(c), A .• _'."-l,~P.sp,(.n 
I 


:J> 
"0 
"0 
I1l 
" 
Cl- 
•.... 


X 


:J> 


() 
0 
Cl- 
I1l 
:.: 
" 
"0 


0,." 


LO 
:.: 
R,A 
" 
() 


lit 
'io 
::r•.... 


A,R 
" 
RLO 
I1l 


H 
" 
<Jl,.,..•c 
(),., 
•.... 
0 
":c: 
.•.•.. 
a-~ 


(OPfD) 
'" 
COde of 
first 
byte 
fOIl 


Lower 
:» 
..., 


"" 
0 


Upper 
"" 
en 


ro 
;I: 
" 


H 


ADD 
.,. 


'" 
,.., 
:» 
IY, Be 
" 
............ 
~,~ ... 


:» 
ADD 


IY,DE 
n 


'LD 


.................................. 
_.. 
0 
(4) 
LD 
(4) 
INC 
ADD 
LD 
(4) 
DEC 
.,. 


; IX,ln 


ro 


, (mn),lY 
IY 
IY,IY 
IY, (mn) 
IY 


····(4;)'·· 
;s: 
INC 
(3) 
DEC 
(3) 
LD 
ADD 
" 
"" 
(IY-d) 
(IY-d) 
(IY-d) 
, n 
IY,SP 
0 


LD 
(3) 
LD 
(3) 
~ 


B, (IY-d) 
C, (IY-d) 


;s: 
" 
() 


LD 
(3) 
LD 
(3) 
".,.., 


0, (IY-d) 
E, (IN) 
" 
._.._...._......_..__ ._.__ ..... 
ro 


LD 
(3) 
LD 
(3) 
H 
~ 
H, (IY-d) 
L, (IY-d) 
" 
, 
'",., 
:» 
n 
LD 
(3) 
LD 
(3) 
LD 
(3) 
LD 
(3) 
LD 
(3) 
LD 
(3) 
LD 
(3) 
LD 
(3) 
" 
'" 
00 
" 
'" 
a 
(IY-d) 
, B 
(lY-d),C 
(lY-d),D 
(lY-dl,E 
(lY-d),H 
(IY-dl.l 
(IY-dl.A 
A, (lY-d) 
() 
C'l 
I 
,., 
Z 
•... 
ADD 
(3) 
ADC 
(3) 
,.., 
'" 


J>- 
0 
H 
a- 
" 
x 
A, (lY-d) 
A, (lY-d) 


SUB 
(3) 
SBC 
(3) 


:» 
'"••.•.. 


(IY-d) 
A, (lY-d) 
a- 
n 


_. -_.._.._......... ~.~..,....•_ .. - 
~ 
0 


AND 
(3) 
XOR 
(3) 
.,. 
ro 


(lY-d) 
(lY-d) 
;s: 


OR 
(3) 
CP 
(3) 
" 


(lY-d) 
(IY-d) 
0~ 


(OPfDCB) 
;s: 
" 
() 
".,.., 
" 
ro 


pop 
EX 
PUSH 
JP 
H 
" 
IY 
(SPj, 
IY 
IY 
(lY) 
'",., 


LD 
"" 
SP,IY 
(),.,,.., 
0 
" 
(Note) 
Too ••••• ber 
in 
too 
branckets 
"( 
)" 
displayes 
a byte 
••••• ber 
of 
instruction, 


No entry 
displayes 
a two 
byte 
instruction, 


Code 
of 
first 
byte 
DOlt 


Code 
of 
second 
byte 
CBH 


Code 
of 
first 
byte 
FOH 


Code 
of 
second 
byte 
CBlI 


Lower 


Upper 
6 
E 


RLC 
RRC 
° 
(IX+d) 
(IX+d) 


RL 
RR 
1 
(IX+d) 
(IX+d) 


..... 


SLA 
SRA 


2 
(IX+d) 
(lX+d) 


.-.... 


SRL 


3 
(lX+d) 


..... 
..... ....................... 


BIT 
BIT 
4 
0, (lX+d) 
.1,(IX+~l 
. 


BIT 
BIT 


5 
2, (lX+d) 
3, (lX+d) 


BIT 
BIT 
6 
4, (lX+d) 
.5,pX+~) 
I······· 
....... 


BIT 
BIT 
7 
6, (lX+d) 
7,(IX~d) 
I······ 
.......... 


RES 
RES 
8 
0, (lX+d) 
1, (IX+d) 


.................................. 


RES 
RES 


9 
2, (lX+d) 
.~,(IX+d} 


RES 
RES 
A 
4, (IX+d) 
5, (IX+d) 


RES 
RES 
B 
6, (lX+d) 
I, (lX+d) 
... .... 
..... - ................. 


SET 
SET 


C 
0, (IX+d) 
.1,(IX~d) 
.............. 


SET 
SET 


0 
J,(IX+d) 
3, (lX+d) 


............... 


SET 
SET 


E 
4, (lX+d) 
5, (lX+d) 


.............. 


SET 
SET 


F 
6, (lX+d) 
7, (lX+d) 


Lower 


Upper 


RRC 


(IY+d) 


RR 


(lY+d) 


SRfI 


(lY+d) 


SRL 


(IY+d) 


BIT 
BIT 


0, (lY+d) 
1, (lY+d) 


BIT 
BIT 


2, (lY+d) 
3, (lY+d) 
....................... 


BIT 
BIT 


~If 
IY 


+dl 
I~IfIY+d} 


6, (lY+d) 
7, (lY+d) 


RES 
RES 


0, (lY+d) 
1, (lY+d) 
.- 
__ 
. 


RES 
RES 


2, (lY+d) 
3, (lY+d) 


RES 
RES 


4, (lY+d) 
5, (lY+d) 


RES 
RES 


6, (lY+d) 
7, (lY+d) 


SET 
SET 


O,(IY~d) 
.1, (IY+d) 


SET 
SET 


.............. 2,(IY+d)3,(IY+dl 


SET 
SET 


4, (lY+d) 
5, (lY+d) 


SET 
SET 


6, (lY+d) 
7, (IY+d) 


RLC 


(lY+d) 


RL 


(IY+d) 


SLA 


(lY+d) 


(Note) 
1. 
All 
instruction 
in 
this 
table 
is 
a four 
byte 
instruction. 


2. 
The 
code 
descrived 
in 
this 
table 
a code 
of 
fourth 
byte. 
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Appendix 
B 
List 
of Machine 
Instruction 
0/9 ) 


ITEH 
ASSEHBlER 
OBJECTCODE 
F lAG 
S 
"" 


HHEHOHIC 
BIN. 
HEX. 
FUNCTION 


ClAS 


76 543 210 


lD 
r, g 
01 rrr 
ggg 
40.rxB.g 
r <-g 
rrr 


lD 
r, n 
00 rrr 
110 
06'rx8 
r <-n 
ggg 
Register 


nn nnn nnn 
n 
000 
B 


lD 
r,JHl) 
01 rrr 
110 
46. rxB 
r <-(Ill) 
j; 
001 
C 


lD 
r, (IX.d) 
11 011 101 
DO 
r <-(IX'd) 
-i - 
010 
0 
01 rrr 
110 
46'rx8 
011 
E 


dd ddd 
dd 
d 
100 
II 


lD 
r, (IY.d) 
11 111 101 
fD 
r <-(IY.d) 
19 
101 
l 
01 rrr 
110 
46'rx8 
111 
A 


. ,dd ddd~dd 
d 


ID 
(HLj,r 
01 110 rrr 
70'r 
(Ill) <-r 
lD 
(IX.dl. 
11 011 101 
DO 
(IX;d)<-i 


01 110 rrr 
70'r 
dd ddd ddd 
d 
lO 
(lY;dl. 
11 111 101 
FD 
(IY·d).-r 
19 
01 110 rrr 
70'r 
dd ddd ddd 
d 
lD 
(Hll.n 
00 110 110 
36 
(Hl)<-n 
nn nnn nnn 
n 
LD 
(I)(;dl. 
11 011101 
DO 
(IX.d)<-n 
19 
00 110 110 
36 
dd ddd ddd 
d 
nn nnn nnn 
n 
lD 
(IY;d) , 
11 111 101 
FD 
(IY<d)~n 
5 
19 
00 110 110 
36 
dd ddd ddd 
d 
nn nnn nnn 
n 
lD 
A, (Be) 
00 001 010 
OA 
A <-(Bel 
lD 
A,(DEl 
00011 
01(j 
lA 
A <-(DE) 
lD 
( (in) 
00 111 010 
3A 
A <- (mn) 
nn nnn nnn 
n 
-_ ... I 
lD 
(Bel. A 
00 000 010 
02 
(BeH 


lD 
(DEl.A 
00 010010 
12 
(DE)<-A 
lD 
(Inl.A 
00 110010 
32 
(mn)<-A 
nn nnn nnn 
n 
__ 
1IIIl1 I 
lD 
A,i 
11 101 101 
ED 
A <-I 
01 010 111 
57 
lIi 
(il 
11 101 101 
EIi 
A <-R 


01 011 111 
5F 
lIi 
I,A 
11 101 101 
ED 
I <-A 
01 000 111 
47 


TIi 
il.A 
11 101 101 
EIi 
R <-A 
01 001 111 
4F 
tt 
Register 


16 
lD 
t,ln 
00 ttO 001 
01·txl0 
t <-In 
00 
Be 
b 
nn nnn nnn 
n 
01 
DE 
i 
ml IIIIIIl mmm I 
10 
Hl 


t l 
lD 
Ili,in 
11 011 101 
DO 
IX<-In 
11 
SP 
0 
00 100 001 
21 


a 
nn nnn nnn 
n 


d 
1m_1lII1 
I 
~j 


Notes: 
r, g leans 
any of the reg isters 
A,B,C,0, E.H,l. 


IFF the content 
of the interrupt 
enable 
fl ip-flop 
(IFF) 
is copied 
Into the PlY flag. 


MAC80-148 


ITEH 
ASSEHBLER 
OBJECTCODE 
C 
S 
FLAGS 
Y 
T 
"'-"'- 


MNEHONIC -~!-- --l!IL- 
FUNCTION 
C 
A 
CLAS 
P/\ :UH 
L. 
T. 


76 543 210 
Ie 


LD 
IY,ln 
11 111 101 
FD 
IY•.•.•n 
- 
~ 
4 
14 
00 100 001 
21 
; 


nn nnn nnn 
n 
; 


mmmmmmmm • 
. 
; ..... 


LD 
ilL, (.n) 
00 101 010 
2A 
II •.•.(.Ii.l) 
- 
5 
16 
tt 
Reai ster 


nn nnn nnn 
n 
L +-(.n) 
00 
Be 


.m IIlIIJl mmm m 
01 
DE 


LD 
t, (mn) 
11 101 10i 
ED 
t~;::':(iDn+1) 
- 
6 
20 
10 
ilL 
01 ttO 
011 
4B·txl0 
t, 
•.•.(.n) 
11 
SP 
nn nnn nnn 
n 
m. IIImmmml 
m 
.... 
, 
.. 


LD 
IX, (mn) 
11 011 101 
DO 
IX••.•. (.n.l) 
6 
20 
00 101 010 
2A 
IX, 
•.•.(.n) 


nn nnn nnn 
n 
16 
mm.mm_ 
• 
··.··M 


LD 
IY, (inn) 
li 
lil 
101 
FD 
IY••.•. (.n+1) 
- 
- 
6 
20 
00 101 010 
2A 
IY, 
•.•.(.n) 


b 
nn nnn nnn 
n 


...... 
IIRI .111 mmm I 
. .. 


10 
(.n),IIL 
00 100 010 
22 
(mn+1FIi 
- 
5 
i6 
i 
nn nnn nnn 
n 
(.n) •.•.L 


II 1IIll. mmm I 
- _.~ - 
LO 
(.n), 
t 
11 101 101 
ED 
("n;l);::':'-t~;"'" 
- 
6 
20 
t 
01 ttO 
011 
43·txl0 
(mn) •.•. t, 
nn nnn nnn 
n 


IAlIllllI 
mmm m 
...- 


LD 
(.n), 
IX 
11 011 101 
DO 
(mn.·l) •.•.IX~ 
- 
6 
20 
00 100 010 
22 
(mn)•.•.IX, 
nn nnn nnn 
n 
L 
.... 
mmmmmOImm.m 
........ _--_._ .. 
.... 


LD 
(iiIlY:IY 
11 lli 
101 
FD 
(mn.l) •.•.IY. 
- 
6 
20 


00 100 010 
22 
(.n) •.•.IY, 


0 
nn nnn nnn 
n 
IIlII1mmmmmm m 
..... 


lD 
si>,ilL 
11 111 001 
F9 
SP•.•.IIL·· 
- 
····1 
6 


a 
LD 
SP, IX 
11 011 101 
DO 
SP•.•.IX 


...__ ..... 


- 
2 
10 
11 111 001 
F9 
LD 
SP,IY 
11 li1101 
FD 
sp;::':iY 
- 
- 
2 
10 
d 
11 111 001 
F9 
.. 


PUSHQ 
11 QQO101 
C5'Qxl0 
(SP-2) •.•. Q; , (SP-l) 
•.•. q•.... 
- 
3 
11 
QQ Register 


PUSHDf 
11 011 101 
DO 
(SP-2) •.•.IX, 
(SP-l) •.•.IX. 
- 
4 
15 
00 
BC 


PUS" IY 
...........11 100 101 
E5 
SP•.•.SP-2 
01 
DE 


11111101 
to 
(SP~2);::':jy, 
(si>~lFI'i. 
- 
4 
15 
10 
ilL 
11 100 101 
E5 
SP•.•.SP·2 
11 
AF 


POP 
11 QQO001 
CI'Qxl0 
............ 
"";::':(si» 
.... 
... 


3 
10 
q 
.._.... 
q••.•. (SP.l), 
q, .. 
- 
POP IX 
11 Oil 
101 
DO 
IX••.•. (SP.l), 
IX, 
;::':(SP) 
- 
- 
4 
14 


... 
11 100001 
El 
....... 
SP•.•.SP·2 


POP IY 
il 
l1i 
101 
FD 
IY. 
;::':(SP'l}, 
IY; 
•.•.(SP) 
- 
4 
14 
11 100 001 
El 
SP•.•.SP·2 


EX 
DE,ilL 
11 101 011 
EB 
DE-ilL 
.... 
..... 
1+ 
4 
(1) 
Ex 
AF,AF' . 
00 001 000 
OB.... 
AhiF' 
.. 
4 
EXX 
Ii 
011001 
D9 
BC-BC' 
6E;';OCIIL";ilC 
- 
····4·· 


Notes: 
t 
is any of 
the 
register 
pairs 
Be,DE,IIL,SP. 


Q is any of 
the register 
pairs 
AF,BC,DE,HL. 


: (PAIR)H, (PAIR)L 
refer 
to 
high 
order 
and low order 
eight 
bits 
the 
register 
pair 
respectively. 
(Ex) 
Be, 9: 
AF. =A. 


(1) 
······Exchange 
and block 
transfer 
and search. 


MAC80-149 


ITEIi 
ASSEIiBlER 


"-"- 
CtAS 
IINEIIONIC 


OBJECTCODE 


BIN. 
IIEX 


76 543 210 


11 100011 
E3 
11 011 101 
DO 


11 100 011 
E3 


11 111 101 
Fa 
11 100011 
E3 
11 101 101 
ED 
10 100 000 
AO 
11101 
101 
[0 


10 110 000 
BO 


11 101 101 
ED 
10 101 000 
A8 
11 101 101 
EO 
10 111 000 
B8 


11 101 101 
ED 
10 100 001 
Al 
11 101 101 
ED 
10110001 
Bl 


11 101 101 
ED 


10 101 001 
A9 
11 101 101 
ED 
10 111 001 
B9 


EX 
(SPl, III 


E 
EX 
(SPl.IX 


x t 
c r 
EX 
(SPl, IY 
h a 
a n 
LVI 
n s 
g f 
lDIR 


e e 


r 
a 
lDD 
n a 
d n 
lDDR 


d 
b 
I s 
CPI 
o e 
c a 
CPIR 


k r 
c 
CPO 
h 


H ~(SP+l),l~(SP) 
iX. 
~(Sp+i) 
IX, 
~(SP) 


IY. 
~(SP+ll 
lYe ~(SP) 
(DEl+-(Hl), 
DE+-DE+l 


Hl+-Hl+l 
,BC+-dC-l 


(OE)~(Hl), 
OE;"'DE+l, 


IIl~lll+l 
,BC~BC-l 
Repeat unt i I BC=O 
(DE)+-(lIl), 
OE+-DE-l 
IIl+-Hl-l 
,BC+-BC-l 


(DE);"'(IIl), 
DE+-DE-! 
-' ~ 
0 
_i Ii C 
5 
21 
+-[BC<>O] 


:~~~r~ni~+-~:ol 
_~~ _II:~) 
_ 
: 
;: 
+-[BC=Oj 


Hl+-Hl+l 
,BC+-BC-l 
' 


A-(Hl), 
IIL+-lIt+l, 
BC+-BC-l 
-IN 
-II: 
~ ,. ~ 
5 
21 
+-[BC<>O & A<>(Hl)] 
:~~m 
unt i I A=(lIl) 
or BC=(~.N' -Hi -'li- 
: 1~+-[BC=O or A=(Hl)] 


IIl+-lIl-1 
,BC+-BC-l 
". 
; 


A-(Hl) 
,IIL+-Hl-l, 
BC+-BC-l 
-.~ ~Hr-:f;' 5 
21 
+-[BC<>O & A<>(Hl)] 


Repeat until 
A=(Hl) 
or BC=(' 
... 
4 
16 
+-[BC=O or A=(Hl)] 


C 
S 
FLAGS 
Y 
T 


C 
A 


c tp!'i S ~ 
l. 
1. 


5 
19 
6 
23 


ADD A, r 
10 000 rrr 
BO+r 
A +-A+r 
.- 
V 
*'0 
1 
4 
8 
ADD A, n 
11 000 110 
C6 
A +-A' n 
:t.•. 
V 
';Q 
2 
7 
b 
nn nnn nnn 
n 
i 
ADD A, (Ill) 
10 000 110 
86 
A +-A+OIL) 
*!~ V 
-!O* 
2 
7 
t 
ADD A, (IX+d) 
11 011 101 
DO 
A +-A' (IX.d) 
.; *, 
V : ~ G '" 
5 
19 
10 000 110 
86 
, 


a 
dd ddd ddd 
d 
!-~!·d·'~ 
r 
ADD 'A, (IY+d) 
11 111 101 
FD 
A +-A+(IY.d) 
*: '" 
V 
5 
19 
i 
10000 
110 
86 


t 
dd ddd ddd 
d 


V ! *~d '" 
h 
ADC A, r 
10 001 rrr 
88'r 
A +-A+r+CY 
- - 
1 
4 


m 
ADC A, n 
11 001 110 
CE 
A +-A+n+CY 
*' .: 
V'': 
ri 
2 
7 


e 
nn nnn nnn 
n 
~4 
V' 
.~~ 
t 
ADC A, (ilL) 
10 001 110 
8E 
A +-A+(Hl)+CY 
2 
7 
i 
ADC A, (IX'd) 
11 011 101 
DO 
A +-A+(IX+d)+CY 
.:.: 
V -0 
5 
19 
c 
10001 
110 
8E 
dd ddd ddd 
d 
I':" 
V 
a 
ADC A, (lY.d) 
11 111 101 
FD 
A +-A+(IY+d)+CY 
- 
5 
19 
n 
10 001 110 
8E 
d 
.... 
dd ddd ddd 
d 
l::f~ 
SUB r 
10 010 rrr 
90+r 
A +-A-r 
5 
19 
I 
SUB n 
11 010 110 
06 
A +-A-n 
2 
7 
0 
nn nnn nnn 
n 
g 
SUB (HL) 
10 010 110 
96 
A +-A- (HL) 
I- .: 
V 
2 
7 
i 
SUB (IX+d) 
11 011 101 
DO 
A +-A- (IX'dl 
I- - 
V - 


j. 
5 
19 
c 
10010 
110 
96 
a 
dd ddd ddd 
d 
vi.'". 
I 
SUB (lY'd) 
11 111 101 
FD 
A +-A-(lY+d) 
, 


5 
19 
~ *i 


10010 
110 
96 
dd ddd ddd 
d 


Notes: 
-II=P/B 
flag 
is 0 if 
the 
result 
of BC-l=O, otherwise 
P/V=l. 


: -N=Z flag 
is 1 if 
A=(lll), 
otherwi se ZoO. 


r means any of 
the registers 
A,B,C,O,E,H,l 


MAc80-ISO 


6 
23 


4 
16 


5 
21 
+-[BC<>O] 
4 
16 
+-[BC=O] 


4 
16 


rrr 
Regi ster 


000 
B 
001 
C 


010 
0 
011 
E 
100 
H 
101 
l 
111 
A 


ITEH 
ASSEHBlER 
OBJECT CODE 
C 
S 
F l 
A G S 
Y 
T 
"" 
HNEHONIC 
BIN. 
IIEX. 
F U N C T I o N 
C 
A 
ClAS 
l. 
T. 
76 543 210 
C UN S N I 


SBC 
A. r 
10011 
rrr 
98'r 
A <-A-r-CY 
,, ~:::~, 


1 
4 
SBC 
A. n 
11 011 
110 
DE 


. 


A <-A-n-CY 
., .; 
2 
7 


8 
nn nnn nnn 
n 


; 
, 
! 
.. 
i·---i 


vT~C 
SBC 
A, (Ill) 
10011 
110 
9E 
A <-A-(tIl)-CY 
«.: 
2 
7 
b 
sac 
A, (IX'd) 
11 011 
101 
DD 
A <-A-(IX'd)-CY 
.~V , ,; 1; 
5 
19 
10 011 110 
9E 
VUli 
i 
dd ddd ddd 
d 
; 


SBC 
A, (IY.d) 
11 111 101 
fD 
A <-A-(IY.d)-CY 
" 
5 
19 
t 
10011 
110 
9E 
, 


dd ddd ddd 
d 


; 


AND 
r, 
10 100 rrr 
AO+r 
A <- AAr 
6 ;' 
p' ;'Q; 
1 
4 


a 
AND 
n 
11 100 110 
E6 
A <- Ai\n 
0; 
pi ;:01 
2 
7 


nn nnn nnn 
n 
r 
AND 
(Ill) 
10 100 110 
A6 
A <- AI\ (tIl) 
Ii, 
p '" Ii1 
2 
7 
AHD 
(IX.d) 
11 011 101 
DD 
A <- Ai\(IX'd) 
Ii; 
p';: 
61 
5 
19 
i 
10 100 110 
A6 
; 


dd ddd ddd 
d 
! : 
f i 


t 
AND 
(IV.d) 
11 111 101 
fD 
A <- Ai\ (IY'd) 
0" 
p ,r ri 1 
5 
19 
10 100 110 
A6 
; 


h 
dd ddd ddd 
d 
p 
,id 
0 
OR 
r 
10 110 rrr 
BO'r 
A <- Avr 
6. 
1 
4 


• 
OR 
n 
11 110 110 
F6 
A <- Avn 
0 
p 
.: ~ 0 
2 
t 
nn nnn nnn 
n 
... J. 
e 
OR 
(Ill) 
10 110 110 
B6 
A <- AvOIl) 
P 
,'00 
2 
7 
(IX+d) 
01; 
P 
, 
OR 
11 
101 
OD 
A <- AV(lX.d) 
o. 
• " 
O. 0 
5 
19 
t 
10 110 110 
B6 
, 


dd ddd ddd 
d 
i 
OR 
(IV+d) 
11 111 101 
FD 
A <- AV(lX.d) 
ri 
p : ~ Q 0 
5 
19 
10 110 110 
B6 
, 
i 
1 


c 
dd ddd ddd 
d 
, 
::!~~ 


XOR 
r 
10 101 rrr 
A8.r 
A <- A'v'r 
Ii. 
p 
1 
4 


XOR 
n 
11 101 110 
EE 
A <- A'v'n 
0 
P 
2 
7 
a 
nn nnn nnn 
n 
i 
: 
, 


XOR 
(Ill) 
10 101 110 
AE 
A <- A'v'(lIl) 
0' 
P:j~~ 


2 
7 


II 
XOR 
(IX.d) 
11 011 
101 
DD 
A <- A'v'(IX'd) 
0 
P 
5 
19 


10 101 110 
AE 
f 


d 
dd ddd ddd 
d 
6,: 
pi;! 
J 0 
XOR 
(IY.d) 
;1 
1;1 
101 
FD 
A <- A'v'(IY+d) 
5 
19 
10 101 110 
AE 


vIJ1k 


I 
dd ddd ddd 
d 
! 
CP 
r 
10 111 rrr 
B8'r 
A-r 
.' ." 
1 
4 


0 
CP 
n 
11 111 110 
FE 
A-n 
•. *' V'': ,. 
2 
7 
nn nnn nnn 
n 
, 
i i i 


g 
CP 
(Ill) 
10 111 110 
BE 
A-(lIl) 
.' ., V,.: 
l' 
2 
7 


CP 
(IX.d) 
11 011 101 
DD 
A-(IX.d) 
*. *i 
V' ;Ii' 
5 
19 
i 
10 111 110 
BE 
ii, 


dd ddd ddd 
d 
vi J, ;' 
c 
CP 
(IV.d) 
11 111 101 
FD 
A-(IY.d) 
*i 
5 
19 
10 111 110 
BE 
j 


a 
dd ddd ddd 
d 
vi j 6 
INC 
r 
00 rrr 
100 
04+rx8 
r t-r+l 
~ 
... 


1 


... 


4 


I 
INC 
(Ill) 
00 110 100 
34 
(1Il)<-(Hl)+1 


.;. v:;'ii 
3 
1; 
.~ 


INC 
(iX+d) 
11 011 101 
DD 
(IX+d) <-(IX.d)+ 
1 
" 
vJ6 
6 
23 


00 110 100 
34 
i 
; 
\ 


dd ddd ddd 
d 


rrr 
Register 
000 
B 
001 
C 


010 
D 
011 
E 


100 
II 
101 
l 
111 
A 
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Appendix 
B 
List 
of Machine 
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) 


ITEH 
ASSEHBLER 
OBJECT CODE 
S 
F lAG 
S 
T 
"" 
HNEHONIC 
BIN. 
IIEX. 
FUNCTION 
A 


ClAS 
T. 
76 543 
210 


8 
INC 
(IY.d) 
11 111 
101 
FD 
(IY.d) 
<--(lV.d). 
1 
23 
b a 
00 
110 
100 
34 


i r 
dd ddd 
ddd 
d 
t 
i 
DEC 
r 
00 rrr 
Hil 
05'rx8 
r <--r-l 
4 
rrr 
Register 
t 
I DEC 
(ilL) 
00 110 
Hil 
35 
(tIL)~(HL)-1 
11 
000 
B 
h 
oEC 
(lX.d) 
11 011 
101 
DO 
(IX.d)'-:(iX.dH 
23 
001 
C 


m 
00 110 
101 
35 
010 
0 


e i 
dd ddd 
ddd 
d 
011 
E 
t 
DEC 
(IY.d) 
11 111 
101 
FD 
(lV'd)<--(lV'd)~ 
1 
23 
100 
II 
i 
00 
110 
101 
35 
101 
l 
c 
I 
dd ddd 
ddd 
d 
111 
A 


G 
OM 
00 
100 
111 
27 
Decimal 
adjust 
accumulator 
4 
e a 
CPl 
. 00 Hil 
111 
2F 
A <--A 
. 
..... 
... 
.. 
4 
n r 
NEG 
11 101 
101 
EO 
A <--O-A 
8 
e 
i 
01 000 
100 
44 
r t 
cc'F 
00 
111 
111 
3F 
CY<--CY 
4 
a h 
SCF 
00110 
111 
37 
CY<--'-' 
4 


I m 
NOP 
00 000 
000 
00 
No operation 
4 


e l IIAlT 
01 110 
110 
76 
CPU halted 
4 


p t 
oJ 
11 110 011 
F3 
IFF 
'-:0 
4 
u 
i 
EI 
11 111 011 
FB 
IFF 
<--1 
4 
r c 
IHO 
11 101 
101 
ED 
set 
interrupt 
lIOde 0 
8 
p 
01 000 
110 
46 
oat 
IH1 
11 101 
101 
ED 
Set 
interrupt 
lIOde'l 
- 
2 
s n 
01 010 
110 
56 


e d 
IH2 
11 101 
101 
ED 
Set 
interrupt 
niOde 2 


01 011 
110 
5E 


ADD 
IIl,t 
00 
tl1 
001 
09>lxl0 
III <--IIl+ss 
*: 
11 
tt 
RejJister 
AOC 
IIl,t 
11 101 
101 
ED 
IIl<--IIL+ss.CY 
*, 
15 
00 
Be 


01 
tl1 
010 
4A·tx10 
01 
DE 
16 
SBe 
Ill, t 
11 101 
101 
ED 
III <--lIl-ss-CY 
15 
10 
III 


b 
01 tlO 
010 
42·txl0 
11 
SP 


i 
ADD 
IX,1i 
11011 
101 
DO 
IX<--IX;pp 
4 
15 


t 
00 ppl 
001 
09.pxl0 
p 
ister 


ADD 
IY, s 
11 111 
101 
FD 
IY<--IY'rr 
15 
00 
Be 


00 ss1 
001 
09'sxl0 
01 
DE 
INC 
t 
00 
tlO 
011 
03.tx10 
ss<--ss·1 
6 
10 
IX 
INC 
IX 
11 011 
101 
00 
IX<--IX·1 
10 
11 
SP 


00 100 
011 
23 


INC 
IY 
l1ifi 
101 
FD 
IY<--IY'1 
io 
ss 
Reg i ster 


00 
100 011 
23 
00 
Be 
DEC 
t 
00 
tl1 
011 
OB·tx10 
ss<--ss-1 
... 
1 
if 
01 
DE 
DEC 
IX 
11 011 
101 
DO 
IX<--I):-1 


.... 


2 
10 
10 
IY 
00 
101 011 
2B 
11 
SP 
DEC 
IY 
i1111 
101 
FD 
IY•... IY-f 
10 
00 
101 011 
2B 


(2) 
RlCA 
00 000 
111 
07 
~ 


A 


Notes: 
IFF 
indicates 
the 
interrupt 
enable 
fl ip-flop. 
CY indicates 
the 
carry 
fl ip-flop. 
; ss 
is 
any 
of 
the 
rejJister 
pairs 
BC,DE,lIl,SP. 
PP is 
any 
of 
the 
register 
pairs 
Be,DE, IX,SP. 
rr 
is 
any 
of 
the 
register 
pairs 
BC,DUY.SP. 
(2) 
,·····Rotate 
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ITfH 
ASSEHBlER 
OBJECTCODE 
S 


F lAG 
S 
T 
"" 


HHEHONIC 
BIN. 
HEX. 
FUNCTION 
A 


ClAS 
T. 
76 543 210 


RlA 
00 000 111 
17 
c::oo=cEDJ 


......~ 


RRCA 
00001 
111 
OF 
~ 


A 


RRA 
00 011 111 
lF 
~ 


A 
RlC 
r 
11 001 011 
CB 
rrr 
Regi ster 


DO 000 rrr 
OO+r 
000 
B 
RlC 
(Ill) 
11 001 011 
CB 
15 
001 
C 


00 000 110 
06 
010 
D 
RlC 
(IX+d) 
11 011 101 
DD 
oo-L[8jJ 
23 
011 
E 


11 001 011 
CB 
100 
Il 


dd ddd ddd 
d 
r, (Ill), 
(IX+d), 
(IY+d) 
101 
l 
00 000 110 
06 
111 
A 


RlC 
(IV+d) 
11 111 101 
FD 
11 001 011 
CB 
dd ddd ddd 
d 
00 000 110 
06 
Rl 
11 001 011 
CB 
00 010 rrr 
10+r 
Rl 
(Ill) 
11 001 01; 
CB 
15 
00 010 110 
16 
Rl 
(Ix+df 
11 011 101 
DD 
c::oo=cEDJ 


23 


11 001 011 
CB 
dd ddd ddd 
d 
r. (Ill), 
(IX+d), 
(IV+d) 
00 010 110 
16 
Rl 
(Iv+di 
11 111 101 
FD 
11 001 011 
CB 
dd ddd ddd 
d 
00 010 110 
16 


RRC r 
11 001 011 
CB 
00 001 rrr 
08+r 
RRC (Ill) 
11 001 011 
CB . 
15 
00 001 110 
OE 
~ 
RRC (IX.d) 
11 011 101 
DD 
23 


11 001 011 
CB 
r, (Ill), 
(IX.d), 
(IV.d) 
dd ddd ddd 
d 
00001 
110 
OE 
RRC (IV+d) 
11 111 101 
FD 
11 001 011 
CB 
dd ddd ddd 
d 
00 001 1-10 OE 
RR 
11 001 011 
CB 
8 
00 011 rrr 
18'r 


RR 
(ilL) 
11 001 011 
CB 
~ 


15 
00 011 110 
lE ... 


RR 
(IX+d) 
11 011 101 
DD 
r, (ilL), 
(IX+d) 
23 
11 001 011 
CB 
dd ddd ddd 
d 
00 011 110 
lE 


ASSEHBER 
OBJECTCODE 
C 
S 
ITEH 
F lAG 
S 
Y 
T 
"" 
2BIN. 
IIEX. 
FUNCTION 
C 
A 
ClAS 
HNEHONIC 
ct 
P!'I 
S Nil. 


T. 


76 543 210 


RR 
(IY.d) 
11 111 101 
FD 
~ 
·. P , • 0 e 
6 
23 


11 001 011 
CB 


dd ddd ddd 
d 
(IY'd) 
00 011 110 
lE 
; 
-, 
'.: 0 ( 
SlA 
r 
11 001 011 
CB 
,. *, 
P 
2 
8 
rrr 
Regis 


00 100 rrr 
20. r 
.'~( 
000 
B 
SIA 
(Ill) 
11 001 011 
CB 
·. P 
4 
15 
001 
C 


00 100 110 
26 
010 
D 


SlA 
(IX'd) 
11 011 101 
DD 
*, *, 
P 
.' d ( 
6 
23 
011 
E 


R 
11 001 011 
CB 
~ 
100 
II 
dd ddd ddd 
d 
r, (Ill), 
(IX.d), 
(IY.d) 
101 
l 


0 
00100110 
26 
, 
, 
j 
111 
A 


SlA 
(IY.d) 
11 111 101 
FD 
·. P ; •. 0 ( 
6 
23 
t 
11 001 011 
CB 


dd ddd ddd 
d 


a 
00 100 110 
26 


.' d ( 
SRA 
r 
11 001 011 
CB 
~'-*: 
P 
2 
8 
t 
00 101 rrr 
28'r 
SRA 
(Ill) 
11 001 011 
CB 
" 
P , • d ( 
4 
15 


e 
00 101 110 
2E 
• de 
SRA 
(IX.d) 
11 011 101 
DD 
· 
P 
6 
23 


11 001 011 
CB 


~ 


, 


dd ddd ddd 
d 


a 
00 101 110 
2E 
r, (Ill), 
(IX.d), 
(IY.d) 
SRA 
(IY.d) 
11 111 101 
FD 
·. P '. 
de 
6 
23 
n 
11 001 011 
CB 


dd dud ddd 
d 


d 
00 101 110 
2E 


SRl 
r 
11 001 011 
CB 
·. P 
"de 
2 
8 
00 111 rrr 
38'r 


SRl 
(Ill) 
11 001 011 
CB 
*: .• 
P ,.: d ( 
4 
15 


s 
00 111 110 
3E 
pi.' 
d ( 
SRl 
(IX·d) 
11 011 101 
DD 
.=-; 
6 
23 
i 
11 001 011 
CB 
dd ddd ddd 
d 
~ 


f 
00 111 110 
3E 
r, (Ill), 
(IX.d), 
(IY.d) 


•. 0' e 
SRl 
(IY.d) 
11 111 101 
FD 
·. P 
6 
23 
t 
11 001 011 
CB 
dd ddd ddd 
d 
Rotate 
digi 
00 111 110 
3E 
and right 


RlD 
11 101 101 
ED 
A~(lll) 


X· 
p : • ( 
5 
18 
the accullUl 
01 101 111 
6F 
locat ion 
( 
content 
of 


RRD 
11 101 101 
ED 
A~(lIl) 
X.' 
i( 
5 
18 
half 
of 
th 
01 100 111 
67 
lator 
is u 


, 
, 


bbb 
Bi t 


BIT 
b, r 
11 001 011 
CB 
- 
*§ 
X, X 0 1 
2 
8 
000 
0 
(3) 
01 bbb rrr 
40·bx8·r 
Z 
+- 
~ 
; 
; 
i 
001 
1 


BIT 
b, (Hl) 
11 001 011 
CB 
-. X; X <11 
3 
12 
010 
2 


01 bbb 110 
46·bx8 
Z +-lIl. 
011 
3 


100 
4 


Notes 
: The notat ion 
(lIlh 
indecates 
bit 
b(O to 7) within 
the contents 
of 
the III 
101 
5 


register 
pair. 
110 
6 


: The notation 
r. 
indicates 
bit 
b(O to 7) within 
the 
r register. 
!1L,-.L 


t 
left 
between 
ator 
and 


Ill). 
The 


the upper 
e accumu- 
naffectod. 
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ITEM 
ASSEMBIER 
OBJECTCODE 


"-"- 
CtAS 
MNEMONIC __ 
BI_N._ 
IIEX. 


76 543 210 


BIT 
b, (IX.d) 
11 011 101 
DO 
11 001 011 
CB 
dd ddd ddd 
d 
01 bbb 110 
46. bx8 
BIT 
b, (IN) 
11 111 101 
FD 
11 001 011 
CB 
dd ddd ddd 
d 
01 bbb 110 
46. bx8 
SET b, r 
11 001 011 
CB 
11 bbb rrr 
CO'bx8'r 
SET 
b, (Ill) 
11 001 011 
CB 
11 bbb 110 
C6.bx8 
SETb, 
(IX.d) 
11 011 101 
DO 
11 001 011 
CB 
dd ddd ddd 
d 
11 bbb 110 
C6.bx8 
SET b, (IY.d) 
11 11i 
101 
FD 
11 001 011 
CB 
dd ddd ddd 
d 
11 bbb 110 
C6.bx8 
RES b, r 
11 001 011 
CB 
10 bbb rrr 
80. bx8'r 
RES b, (Ill) 
11 001 011 
CB 
10 bbb 110 
86'bx8 
RES b, (IX.d) 
11 011 101 
DO 
11 001 011 
CB 
dd ddd ddd 
d 
10 bbb 110 
86'bx8 
RES b, (IY.d) 
11 111 101 
FO 
. 


11 001 011 
C8 
dd ddd ddd 
d 
10 bbb 110 
86. bx8 


JP 
In 
11 000011 
C3 
PC<-mn 
nn nnn nnn 
n 
mmmmmmmm m 
JP 
c, In 
11 ccc 010 
C2'cx8 
PC<-In 
- 
nn nnn nnn 
n 
(if 
condition 
c is true) 
mmmmmmmm m 
; 
! 


JR 
mn 
00 011 000 
18 
PC<-mn 
aa aaa aaa 
a 
; 


JR 
C,In 
00 111 000 
38 
If 
C=O,cont i nue 
;., 


aa aaa aaa 
a 
If C~CPC=mn 
- : -: -' 


JR 
NC,ln 
00 110 000 
30 
If 
C=1,cont i nue 
aa aaa aaa 
a 
If 
C=O,PC=mn 
JR 
I, In 
00 101 000 
28 
If 
I=O: cont i nue 
! 
aa aaa aaa 
a 
IF I=1, PC=mn 
JR 
NI, mn 
00 100 000 
20 
IF I=l,continue 
aa aaa aaa 
a 
IF I=O, Pc=mn 
.. 
- 
DJHI In 
00 010 000 
10 
B <-8-1 
IF B=O,cont i nue 


aa aaa aaa 
a 
IF B*O, PC=PC'e 
- - 


-0 
_, 
_ 


JP 
(Ill) 
11 101 001 
E9 
PC<-1I1 
- 


...; _: - 


rrr 
Regi ster 


000 
B 


001 
C 


010 
0 


011 
E 


100 
II 


101 
t 


111 
A 


bbb 
8i t 


000 
0 


001 
1 


010 
2 


011 
3 


100 
4 


101 
5 


110 
6 


Condi t ion 
non zero 
zero 
non carry 
carry 
parity 
odd 
parity 
even 
ign positive 
ign negative 


12 
e represents 
the ex- 


tension 
in the rela- 


2 
7 
t ive address i ng mode 


3 
12 
In=(Now PC)'e 


2 
7 
a=e-2 
3 
12 
e is a signed 
two's 


2 
7 
compleaent 
nulber 


3 
12 
in the ronge 


2 
7 
<-126,129> 


3 
12 
2 
8 
3 
13 


1 
4 


Hotes 
: The notation 
(Ill) 
, 
,(IX.d), 
indicates 
bit 
b(O to 7) within 
the contents 
of 
the register 
pair. 


The notation 
r. 
indecates 
bit 
(0.7) 
within 
the r register. 
: a=e-2 
in the op-code provides 
an effective 
address of 
PC. e as PC is 
incremented 
by 
2 prior 
to the addi lion 
of e. 


ITEH 
ASSEHBLER 
OBJECTCOAD 


"- 
HHEHONIC 
BIN. 
HEX. 
FUNCTION 


CLAS 


76 543 210 


J 
JP 
(IX) 
11 011 101 
DO 
PC<-(lX) 


u 
11 101 001 
E9 
• 
JP 
(IV) 
11 111 101 
ED 
PC<-(lY) 


p 
11 101 001 
E9 


CALL In 
11 001 101 
CD 
(SP-l) <-PC. , 
(SP-2) <-PCl 
nn nnn nnn 
n 
PC<-In 
mmmmm1Im~ m 
SP<-SP-2 


CALL c, im 
11 ccc 100 
C4+cX8 
If 
conditionc 
is 
false 


nn nnn nnn 
n 
conti nue 


1m l1li1 ml 
I 
Otherwise 
sale 
as call 
nn 


RET 
11 001 001 
C9 
PCl <-(SPl. 
PC. <-(SP'T) 


SP<-SP-2 


RET c 
11 ccc 000 
CO·cx8 
if 
condition 
c is false 
r 
conti nue 
e 
Otherwi se sale 
as RET 


t 
RETl 
11 101 101 
ED 
Return 
frOil 
interrupt 


u 
01 001 101 
40 


r 
RETN 
11 101 101 
ED 
Return 
from non maskable 
n 
01 000 101 
45 
interrupt 
RST 
11 kkk 111 
C7·kx8 
(SP-l)<-PC. 
, (SP-2)<-PCl 
PC. <-0, PCl <-j, 
SP<-SP-2 


IN 
A, (n) 
11 011 011 
08 
A <-(n) 
nn nnn nnn 
n 
n -->AO~A7 
A -->A8~A15 
IN 
r, (C) 
11 101 101 
ED 
r <-(C) 
IF r~110 only 
the 


01 rrr 
000 
40'rx8 
flags 
wi II 
be affected 
I 
INI 
11 101 101 
ED 
(IIL)'-(Cl. 
B<-B:(HL<-IIL'l 
n 
10 100 010 
A2 


p 
INlil 
11 101 101 
ED 
(IIL)<-(Cl. 
B<-B-1,IIL<-HL'1 
u 
10 110010 
B2 
Repeat unt if 
B'O 


t 
IND 
11 101 101 
ED 
(IIL)<-(Cl. 
B<-8-1,Hl<-HL-l 
10 101 010 
AA 
a 
INDR 
11 101 101 
ED 
(IIL)<-(Cl. 
B<-B-l,H[<-IIL-l 
n 
10 111 010 
BA 
Repeat unt i I B'O 
d 
OUT (nl,A 
li 
010 011 
03 
(n) 
<-A 
nn nnn nnn 
n 
n -->AO~A7 
A -->A8~A15 


0 
OUT (Cl. r 
11 101 101 
ED 
(C)+-A 
... 


u 
01 rrr 
001 
41'rxB 
t 
OUTI 
11 101 101 
ED 
(C) <-(IIL),B<-B-l,IIL<-HL.l 


P 
10 100 011 
A3 


u 
OlIR 
11 101 iOl 
ED 
(C) <-(IIL!:B<-B-l,HL<-Hl'l 
t 
10 110 011 
B3 
Repeat unt i I B·O 


OUTD 
li 
101 101 
ED 
(C) <-(IIL),B+-B-l,HL<-HL-l 
10 101 011 
AB 


OTDR 
li 
101 101 
ED 
(C) <-(IIL),B<-B-l,HL<-IIL-l 
10 111 010 
BB 
Repeat unti I 8·0 


Notes: 
*H'Z 
flag 
is 1 if 
the 
result 
of 
B-l'O, 
otherwi se z,o 


: AO~A15 indicate 
the address 
bus. 


C 
S 


FLAGS 
Y 
T 
C 
A 
d z 
s rt 
L 
T. 


cc 
c 
Condition 


00 
NZ 
non zero 


001 Z 
zero 
01 
NC non carry 


011 
C 
carry 
1()( PO parity 
odd 


101 PE 
parity 
even 


11 
P 
ign positive 


111 
H 
ign negat ive 


17 
kkk 
000 
0011 
001 
0811 
17 
010 
1011 
011 
1811 
10 
100 
2011 
10 
101 
28/1 
110 
3011 
li 
111 
38H 


5 
14 
rrr 
Regi ster 


000 
B 


001 
C 
010 
0 


011 
E 
100 
H 
101 
L 
111 
A 


12 
21 
16 


21 
<-[B<>O] 
-->AD-A7 
16 
<-[B'O] 
-->A8~A15 


i6 


21 
<-[8<>0] 
16 
<-[8,0] 
11 


3 
12 


16 


21 
<-[B<>O] 
-->AD-A7 


16 
<-[B:O] 
-->A8~A15 


16 


21 
<-[8<>0] 
16 
<-[8'0] 


ASEG 
COMMON 
/{Block 
name}/ 


CSEG 
DC 
Character 
string 


DEFB 
Symbol 
DEFL 
Expression 


I 
I 
N 
[Symbol 
S I 
T I 
R 
I 
U 
I 


C I 
T I 
I 
I 


o I 
N 
I 


S I 


I 
I 
I 
I 
I 
Ibl 
I I 
I 
ISymbol 
I 
I 
I I I 
la I 
I 
I I I 
I I I 
I Ic I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
Idlel 
I I I 
I I I 


DEFS 
Expression{,Expression} 
DEFW 
Expression 
DSEG 
END 
(Expression) 
EQU 
Expression 


EXTERNAL 
Name 
list 
GLOBAL 
Name 
list 
ORG 
Epression 


.PHASE 
.DEPHASE 
.REQUEST 


EXITM 
LOCAL 
Symbol 


EXITM 
IRP 
Dummy 
parameter, 


<Actual 
parameter 
list> 


IRPC 
Dummy 
parameter, 
character 
string 


Function 
I 


Designation 
of absolute 
segment 
I 


Designaiton 
of common 
area 
I 
Designaiton 
of code 
segment 
I 


A special 
character 
string 
defini-I 


tion 
I 
One 
byte 
data 
definition 
I 


For 
defining 
symbols 
I 


(redefining 
is possible) 
I 


For 
reserving 
memory 
areas 
I 


Two 
byte 
data 
definition 
I 


Designation 
of data 
segment 
I 


End 
of a program 
I 


For 
defining 
symbols 
I 


(redefining 
is not 
possible) 
I 


Declaration 
of 
EXTERNAL 
symbol 
I 


Declaraiton 
of GLOBAL 
symbol 
I 


Setting 
the value 
of a location 
I 
counter 
I I 
Designation 
of 
execution 
in the 


I 
[- 
other 
area 


I-Request 
for 
searching 
undefined 
I symbols 
from 
other 
files 
I 
Specifies 
the assembler 
to accept 


[ the TLCS-ZaO 
instruction 
codes 
I End 
of macro 
instruction 
defini- 
I 
tion 
I End 
of macro 
expansion 
I 
Declaration 
of 
localizaiton 
symbol 


I in macro 
I 
Start 
of macro 
instruction 
defini- 
I 
tion 
I 


I End 
of definition 
of 
each 
repeti- 
I 
tion 
instruction 
I End 
of 
reperition 
I 
Start 
of definition 
of 
repet1t1on 
I 
instruction 
for 
indefinite 
number 


I of repetition. 
I Start 
of definition 
of 
repetition 
I 
instruction 
for 
indefinite 
number 


I of 
repetitions 
depending 
upon 
I number 
of characters. 
I 
State 
of definition 
of 
repetition 
I specifiying 
number 
of 
repetitions. 
I When 
the operand 
field 
is not 
I 
zero, 
the value 
is true. 
I 
Inversion 
of output 
state 
by va- 
I 
lidity 
of condition. 


a: MACRO 
FUNCTION 
INSTRUCTION 
b: MACRO 
INSTRUCTION 


c: REPETITION 
INSTRUCTION 
d: ASSEMBLER 
CONTROL 
INSTRUCTION 
e: ASSEMBLING 
CONDITION 
CONTROL 
INSTRUCTION 


IFDIF 
character 
character 


string 
1 
string 
2 


IFIDN 
character 
character 
string 
1 
string 
2 


IF! 
IF2 
.CREF 
.COMMENT 
Delimiter 
symbol 


Character 
string 
Delimiter 
symbol 


.LIST 
NAME 
('Module 
Name') 
PAGE 
{Expression} 
.PRINTX 
Delimiter 
symbol 


Character 
string 
Delimiter 
symbol 
.RADIX 
Expression 
.SALL 


Function 
I 


Direction 
of conditional 
block 
I 


termination. 
I 
When 
the operand 
field 
is blank, 
I 


the val ue 
is true. 
I 


When 
the 
symbol 
has 
been 
defined 
I 
or 
declared 
as external, 
the valuel 
is true. 
I 


When 
"character 
string 
1" is equall 


to "character 
string 
2", 
the value I 


is true. 
I 
When 
the operand 
field 
is zero, 
I 


the value 
is true. 
I 


When 
"character 
string 
1" 
is not 
I 


equal 
to "character 
string 
2", 
thel 


value 
is true. 
I 


When 
the operand 
field 
is not 
I 
blank, 
the value 
is true. 
I 


When 
the 
symbol 
has 
been 
undefinedl 
or undeclared 
as external, 
the 


value 
is 
true. 
For 
the pass 
1, the value 
is 
true. 


For 
the pass 
2, 
the value 
1S 
true. 
Output 
of cross 
reference 


Description 
of 
long 
comment 


output 
of all. lists 
in macro 
ex- 


tension 
field 
and 
extension 
field 


of 
repetition 
instruction. 
List 
file 
output 
of 
conditional 
block 
avaluated 
as 
'false' 
Output 
of 
list 
file 


Definition 
of module 
name 


Page 
feed 
of output 
list 
Output 
of characters 
to console 
assembling 


I 
I 
I 
I 


inl 
I 
I 
Specificaiton 
of 
radix 
I 


Suppression 
of output 
of all 
listsl 
in macro 
extension 
field 
and 
ex- 
I 


tension 
field 
of 
repetition 
in- 
I 
struction 
I 
Suppression 
of 
list 
file 
output 
ofl 
conditional 
block 
evalueated 
as 


'false' 
struction 
Specificaiton 
of 
subtitle 


d: ASSEMBLER 
CONTROL 
INSTRUCTION 


e: ASSEMBLING 
CONDITION 
CONTROL 
INSTRUCITION 


f: ASSEMBLER 
I/O 
CONTROL 
INSTRUCITION 


I 
I 
I 
I 
I 


I I 
d I f I 
I I 
I I 
I I 
I I 
I 
I 
I 
I 


Instruction 
.TFCOND 
Function 
Selection 
of 
list 
file 
output 
of 


conditional 
block 
evalueated 
as 


I fal se 
I 


struction 
Specificaiton 
of 
title 
Selection 
of output 
of all 
lists 


in macro 
extension 
field 
and 
ex- 


tension 
field 
of 
repetition 
in- 
struction 
Suppression 
of 
cross 
reference 
output 
Suppression 
of 
list 
file 
output 


.TITLE 
Character 
string 
.XALL 


d: 
ASSEMBLER 
CONTROL 
INSTRUCTION 
e: ASSEMBLING 
CONDITION 
CONTROL 
INSTRUCITION 
f: ASSEMBLER 
I/O 
CONTROL 
INSTRUCITION 


AppendixD Tableof ReservedWords 
Nomark:Machineinstruction 
MB 
Macrorepetition instruction 
CD 
Assembleconditional control instruction 
PR 
Registerpair 


A 
Assemblerinstruction 


F 
Flag condition 
10 
AssemblerI/O control instruction 
R 
Register 
C 
Operator 


'ReservedlTypeI Page' 
I 
words1 
1 
' 
IA 
I 
R 
I 
S 
I 
'AF 
1~I-Z-8-1 
IADC 
1--1-3-0-1 
IADD 
1--1-3-0-1 
lAND 
1--1-3-0-1 


'AND 
,-c-I-z-o-I 
,ASEG 
I---A----1---6-6---1 


'B 
I-R-I--7-1 
IBC 
1~1--7-1 


'BIT 
1--1-3-Z-' 


'C 
'-R-I--6-' 
Ic 
'-F-I-S-7-' 


1CALL 
1--1-3-3-1 
ICCF 
1--1-3-0-1 
,.COMMENT 
'--1-0---1---9-7---' 


1 COMMON 
'-A-'-6--8-' 
ICOND 1--CO--1---9-Z---1 
Icp 
1--1-3-0-1 
ICPD 
1--I-Z-9-1 
'CPDR 
'--I-Z-9-' 
ICPI 
1--I-Z-9-1 


ICPIR 
1--I---Z-9---1 
ICPL 
1--1-3-0-1 
'.CREF '---I-o---I~' 


1 CSEG I-A-I---6-7---' 
ID 
I-R-I--7-1 


IDAA 
1--'-3-0-' 


'DC 
'-A-'-6-Z-' 


'DE 
IPRI-7- I 


IDEC 
1--1-3-0-1 


'DEFB 
'-A-I~' 
'DEFL 
'---A----I~ 


1DEFS 
I-A-I---6-S--- 


1DEFW I---A---' 
-1-6-Z-- 


,.DEPHASE'--A---1---7-0--- 
'DI 
'--'-3-1- 
,DJN 
Z 
\-------1---3-z--- 


1DSEG I-A-I---6-7--- 
IE 
1--'--7- 
'EI 
'--'-3-1- 


'ELSE 
1---cD194 


'Reserved'Type1 PageI 
I 
words' 
I 
1 
lEND 
I-A-I-7-3-1 
IENDC I--CO--,~, 
'ENDM 'MB' 
78,88' 


'EQ 
l_c_I_Z_O_1 


IEQU 
I_A_I_S_9_1 


1 EX 
I 
1 
Z8 
, 
IEXITM I 
MB '77,87' 
1EXTERNAL 
1 A 
I 
7Z 
1 


IEXX 
1--I-z-8-' 
IF 
I-R-,--s-I 
IGE 
'-C-,-Z-O- 


IGLOBAL'---A----'--7-1--- 
IGT 
I---c----I-z-O- 


'H 
I-R-'--7- 


'HALT 
1-------'-3-0- 


'HIGH 
I---C----'-z-O-I 


IHL 
1~1--7-1 
II 
'-R-I--8-1 
, IF 1 
,---cD '---9-Z---' 


,IFZ 
,---cD 1---9-Z---' 


IIFB 
1---cD1-9-3-1 


IIFDEF 1---cD1-9-Z-1 
'IFDIF 
1---cD194 
1 
'IFE 
,---cD1-9-Z-1 


IIFIDN 
1---cD1-9-3-1 


'IFNB 
1---cD1-9-3-1 
'IFNDEF1--CO--'--9-3--- 
'INO 
'--'-3-0- 


IIMI 
I--I~ 


1IMZ 
'--1-3-0- 
'IN 
'--'-3-3- 


IINC 
'--1-3-0- 


IINCLUDE 
I--I-O---I~ 


1IND 
1--1---3-3--- 


1INDR 
'-------1-3-3-- 


I INI 
1-------1-3-3-- 


1INIR 
'-------1---3-3--- 
1IRP 
,--r;rn-1---8-6--- 


'IRPC 
'MBI---8-7--- 


IIX 
I-R-'--8- 


'IY 
I-R-I--8- 


'ReservedlTypeI Page' 
, 
words1 
I 
1 
IJP 
1--1-3-Z-1 
'JR 
I-I-0-1-3-Z-1 
IL 
I-R-'--7--1 
I.LALL 
I 
10 
'~I 
ILD 
1--I-Z-8-1 
ILDD 
1--I-z-9-1 
ILDDR '--'-Z-9-' 
'LDI 
1--'-Z-9-' 


ILDIR 
'--I-Z-9--1 


ILE 
I-c-I-z-o-I 
'.LFCOND 
1---1-0---'--9-9--- 
,.LIST 
'---1-0---1---9-8--- 


1LOCAL 1--r;rn-'---7-7--- 
1LOW 
,---C----,---Z-O--- 


,LT 
,-c-I---z-o--- 


'M 
I-F-I-S-7-1 
1MACRO1~1---7-6---1 
IMOD 
I-c-I-z-o-I 
'NAME 
1-1--0--'-9-7-1 


'NC 
'-F-I-S-7-' 


'NE 
I-c-I-z-o-I 
'NEG 
1--1-3-0-1 
INOP 
1--'-3-0-1 
'NOT 
'-C-'---Z-O---, 


'NUL 
I-c-I-z-o--I 
'NZ 
I-F-I-S-7-' 
'OR 
1--1-3-0-1 


'OR 
,-c-I-z-O-I 
10RG 
I-A-I-6-9-1 


10TDR 1------1---3--3--1 
'OTIR 
1------1---3-3--1 
'OUT 
1--'-3-3-' 
10UTD 1------1---3--3--1 
10UTI 
1------1---3--3--1 
Ip 
I-F-'-S-7--' 
IPAGE 
'--I-o--I~' 


IpC 
I-R-'--9-' 


IpE 
I-F-I-S-7-1 


,.PHASEI---A----'---7-0---, 
IpO 
'-F-I-S-7-' 
Ipop 
1--'-Z-8-' 


IReservedlType1 Page1 
1 words' 
1 
1 


'.PR1NTX 
I 
10 1 97 
I 
IpUSH 
'--1-2-S--1 


1R 
I-R-I--S 
-I 


I.RAD1X'-1-0--1-9-S-1 
IREPT 
1~I--s-5--' 


I.REQUESTI 
A 
, 
72 1 


1RES 
1 
1 32 , 
1RET 
1--'-3-2 
--I 


\RET1 
I--I~\ 


\RETN 
1--1-3-2--' 
IRL 
'--\-3-1-1 


IRLA 
1--1-3-1-1 


jRLC 
\--1-3-1-1 
IRLCA 
'-----1--3-1--1 
IRLD 
1--1-3-1-1 
IRR 
1--1-3-1-1 


1RRA 
1--1-3-1 
-I 
IRRC 
'--1-3-2-1 


IRRCA '--1-3-2-1 
1RRD 
1--1-3-2-1 
IRST 
1--1-3-2-1 


IReserved'Type1 Page1 
, 
words1 
, 
1 
'.SALL 
1--1-o--I~1 
ISBC 
'--1-2-0-1 


ISCF 
1--1-3-0-1 


1SET 
1--1-3-2-1 
l.sFCOND 
1 CD 1 99 1 
1SHL 
'C 
1 20 1 
1SHR 
l-c-I-2-0 
-I 


1 SLA 
1--'-3-1 
--I 


Isp 
'-R-'--S-I 
ISRA 
I--I---rr-I 
'SRL 
1--1-3-1-1 
ISUB 
1--1-3-0-1 
ISUBTTL1--1-0--'--9-6---' 
IT1TLE 1--1-0--1-9-6-1 
I.TFCOND 
1--CO--1-9-9--1 


ITYPE 
l-c-I-2--0--' 


l.xALL 
I--'~' 
I.XCREFI------'~I 
I.XL1ST1--1-9-S-1 
IXOR 
1--1-3-0-' 


1XOR 
l-c-I-2-0 
-, 


1 words 
Iz 
l.zsO 
1+ 
I- 
I/ 
1* 
1$ 


1% 


1 ! 


1 ; 


1 
;; 
1& 


1 __ 
' __ 
1 


1 
F 
I 
57 
I 
I-A-I-7-3 
-I 


'-c-I-2-0 
-I 
l-c-I-2-0 
- 


l-c-I-2-0 
- 
'-c-I-2-0 
-- 
I-C-'-l-S -- 
l-c-I-S-9 
- 


I-C-'-S-9 
-I 


'-C-I-2-3 
--I 
'-C-I-S-9 
-I 


I-c-I--as-, 


Appendix 
E 
List 
of 
Switches 
El 
List 
of 
Assembler 
Switches 


Switch 
Function 
1 


10 
Each 
address 
on 
the 
assembly 
list 
is 
represented 
by 
octal 
1 
1 
1 number. 
1 


1--------1-----------------------------------------------------------------1 


1 
IH 
I 
Each 
address 
on 
the 
assembly 
list 
is 
represented 
by 
hexadecimal 


I 
I 
number. 
This 
is 
an 
initialization 
switch. 
When 
the 10 
switch 


1 
1 
is 
not 
available, 
this 
switch 
is 
considered 
to 
have 
been 
spec- 


I 
I 
ified. 


1--------1-----------------------------------------------------------------1 
1 
IR 
I 
This 
switch 
is 
forced 
to have 
the 
same 
main 
filename 
as 
that 
I 


1 
I 
of 
the 
source 
file, 
and 
creates 
the 
intermediate 
object 
file, 
I 


I 
1 
of 
which 
the 
extension 
is 
. REL, 
in 
the 
same 
drive 
as 
that 
of 
1 


lithe 
source 
file. 
1 
1--------1-----------------------------------------------------------------1 


I 
IL 
1 
This 
switch 
is 
forced 
to 
have 
the 
same 
main 
filename 
as 
that 
1 


1 
I 
of 
the 
source 
file, 
and 
creates 
the 
assemble 
list 
file, 
of 
which 
I 
lithe 
extension 
is 
.PRN, 
in 
the 
same 
drive 
as 
that 
of 
the 
source 
1 


1 
1 
file. 
I 
1--------1-----------------------------------------------------------------1 


1 
Ic 
I 
This 
switch 
creates 
a 
file 
for 
cross 
reference 
used 
by 
the 
CREF-I 


1 
1 
80 
in 
the 
same 
drive 
as 
that 
of 
the 
source 
file. 
This 
file 
has 
I 
I 
the 
same 
main 
filename 
as 
that 
of 
the 
source 
file 
and 
its 
ex- 
I 


1 
tension 
is 
.CRE. 
However, 
when 
this 
switch 
is 
specified, 
even 
I 


I 
if 
,list 
or 
IL 
switch 
is 
specified, 
any 
assembling 
list 
is 
not 
1 


1 
created. 
When 
a 
cross 
reference 
list 
file 
is 
created 
by 
use 
of 
1 


1 
the 
CREF-80, 
this 
switch 
must 
be 
specified 
without 
fail. 
Refer 
1 


lito 
8.5 
CREF-80 
cross 
reference 
for 
the 
details 
of 
the 
CREF-80. 
I 


1--------1-----------------------------------------------------------------1 


1 
Iz 
I 
This 
switch 
directs 
to 
that 
the 
TLCS-Z80 
instruction 
code 
is 
1 


1 
1 assembled. 
Whenever 
the 
.z80 
assembler 
directives 
are 
not 
1 


I 
I placed 
at 
the 
top 
of 
the 
source 
program, 
this 
switch 
is 
input. 
I 


1--------1----------------------------------------------------------------- 
1 
Ip 
1 Whenever 
this 
switch 
is 
specified, 
it 
expands 
the 
stack 
area 


I 
1 
used 
at 
assembling 
by 
256 
bytes. 
For 
example, 
when 
this 
switch 


I 
1 
is 
specified 
by 
two, 
the 
512-byte 
stack 
results 
in 
being 
ex- 


1 
I 
panded. 
This 
switch 
is 
used 
only 
when 
a 
stack 
overflow 
error 


I 
has 
been 
produced. 


1-------- 
----------------------------------------------------------------- 


1 
1M 
This 
switch 
initializes 
zero 
(0) 
in 
the 
data 
area 
defined 
by 


1 
the 
DEFS 
instruction. 
Unless 
the 1M 
switch 
has 
been 
specified, 


1 
zero 
(0) 
is 
not 
initialized 
in 
this 
data 
area 
and 
the 
contents 


I 
remain 
unsettled. 
However, 
when 
an 
initialized 
value 
has 
been 


I 
specified 
by 
the 
DEFS 
instruction, 
the 
initialized 
value 
gets 
1 
1 in 
the 
area, 
and 
the 
1M 
switch 
does 
not 
operate. 
1 


1--------1-----------------------------------------------------------------1 


I 
Ix 
I 
This 
switch 
directs 
to 
suppress 
the 
list 
output 
of 
the 
condi- 
1 


I 
1 
tional 
block 
determined 
to 
be 
flase 
by 
the 
assembling 
con- 
I 


I 
I 
ditional 
instruction. 
Unless 
this 
switch 
is 
available, 
the 
I 


I 
1 
list 
output 
of 
the 
false 
conditional 
instruction 
is 
made. 
The 
I 


1 
1 Ix 
switch 
is 
often 
used 
together 
with 
the 
.TFCOND 
instruction. 
I 


1 
1 Refer 
to 
the 
paragraph 
of 
7.2 
Assembler 
1/0 
control 
instruction. 
1 


Processing 
1 
After 
having 
executed 
a link-loaded 
object 
1 


program, 
the 
state 
is returned 
to the 
command 
I 


1 
I 
waiting 
state 
of 
the 
CpIM 
operating 
system. 
I 
1------------1-------------------------------------------------1 


1 
IG: 
Global 
1 
The 
execution 
start 
address 
is set 
to the 
spec- 
1 


1 
symbol 
1 ified 
symbolic 
value, 
and 
the 
same 
process 
as 
1 
I 
I 
IG 
switch 
is performed. 
1 


----------- 
------------1-------------------------------------------------1 


IE 
I 
After 
having 
edited 
a 
link-loaded 
object 
pro- 
1 


I 
gram, 
the LINK-SO 
is returned 
to the 
CpIM 
1 
I 
operating 
system. 
I 


------------1-------------------------------------------------1 
IE: 
Global 
1 
The 
execution 
start 
address 
is set 
to the 
spec- 
1 
symbol 
1 
ified 
symbolic 
value, 
and 
the 
same 
process 
as 
1 
I 
1 IE 
switch 
is performed. 
I 
1----------- 
------------1-------------------------------------------------1 


1 
Direction 
IN 
1 
This 
switch 
directs 
to save 
an 
executable 
objectl 


1 
of 
file 
program 
created 
by 
link-loading, 
in 
the 
file- 
1 


I 
save 
name 
specified 
immediately 
before 
the 
IN, 
as 
1 


1 
COM 
file. 
1 
I 
------------ 
-------------------------------------------------1 


I 
IN: 
P 
1 
File 
save 
for a program 
area 
only 
is directed. 
1 


----------- 
------------1-------------------------------------------------1 
Ip: 
Addressl 
This 
switch 
sets 
a load 
start 
address 
for 
pro- 
1 


I 
gram 
part 
(CSEG) 
or data 
parts 
(COMMON,OSEG). 
1 


1 
When 
this 
switch 
is used 
together 
with 
the 10 
1 


1 
switch, 
it sets 
a 
load 
start 
address 
for 
the 
1 


1 
1 
program 
part 
(CSEG) 
only. 
I 
1------------1-------------------------------------------------1 


1 
10: 
Addressl 
This 
switch 
sets 
a load 
start 
address 
for 
the 
1 


1 
data 
parts 
(COMMON,OSEG) 
only. 
1 
1------------ 
-------------------------------------------------1 


I 
1 IR 
The 
LINK-SO 
is reset 
to the 
initial 
state. 
1 


1-----------1------------ 
-------------------------------------------------1 


1 
Library 
I 
Is 
The 
library 
file 
specified 
immediately 
before 
1 
1 search 
lithe 
Is 
is searched. 
1 
1-----------1------------1-------------------------------------------------1 
Global 
1 lu 
1 The 
undefined 
external 
reference 
symbols 
are 
1 


listing 
I 
1 
outputted 
to a list. 
1 
1------------1-------------------------------------------------1 
1 1M 
1 All 
the external 
reference 
symbols 
are 
outputted 1 


lito 
a list. 
I 


-----------1------------1-------------------------------------------------1 
Setting 
I 
10 
1 The 
radix 
is converted 
to octal 
number. 
I 
of 
radix 
1------------1-------------------------------------------------1 


I 
IH 
1 
The 
radix 
is converted 
to hexadecimal 
number. 
1 


1 
1 
(Initialized 
value) 
I 


Function 


Execution 
Switch 
IG 


End 
of 


LINK-SO 


Setting 
of 
load 
start 
ad- 


dress 


Function 
I 
Switch 
Processing 
I 


Specifica-I 
Ix 
This 
switch 
specifies 
to save 
the 
loaded 
object 
I 
tion 
of 
I 
in a 
file 
in 
the 
iHEX 
format. 
This 
specifica- 
I 
special 
I 
I tion must 
be made 
together 
with 
the IN 
switch. 
1 


code 
1------------1-------------------------------------------------1 


I 
Iy 
I 
This 
swtich 
specifies 
the 
create 
a 
file 
for 
1 


I 
1 
symbol 
debugger. 
This 
specification 
must 
be 
1 
I 
I made 
together 
with 
the IN 
switch. 
I 


processing 
1 
This 
switch 
returns 
the 
control 
to CPIM 
operating 
system. 
I 


The 
library 
file 
which 
is creating 
presently 
is 
saved 
on 
the 
1 


diskette 
in 
the 
specified 
filename. 
I 


When 
the 
composition 
of 
the 
library 
file 
is not 
newly 
saved 
1 


or when 
the 
processing 
ends 
with 
the 
indication 
of 
the 
I 
library 
information 
only, 
the 
file 
of FORLIB.REL 
is 
saved 
by 
1 


the 
specification 
of IE 
switch. 
Therefore, 
return 
the 
1 
control 
to CpIM 
operating 
system 
using 
the 
control 
C 
«cC». 
I 
1-------- ---------------------------------------------------------------1 


I 
IR 
This 
switch 
saves 
the 
library 
file 
which 
is creating 
pre- 
1 


1 
sently. 
The 
saving 
method 
and 
the 
hints 
are 
similar 
to IE 
I 


I 
switch. 
Differing 
from 
IE 
switch, 
the 
control 
does 
not 
re- 
1 


1 
turn 
to CpIM 
operating 
system 
after 
the 
execution 
and 
so 
the 
1 


1 
control 
becomes 
the 
internal 
command 
waiting 
state. 
There- 
1 


1 
for 
another 
library 
file 
can 
be made. 
1 
1-------- ---------------------------------------------------------------1 


1 
Ic 
This 
switch 
gives 
up 
the 
library 
file 
under 
making 
and 
1 


1 
restarts 
it. 
I 
1-------- ---------------------------------------------------------------1 


1 
Iu 
This 
switch 
searches 
the 
specified 
file 
and 
outputs 
the 
list 
1 


1 
of 
the 
global 
symbol 
which 
is not 
defined. 
1 


1-------- ---------------------------------------------------------------1 


1 
IL 
This 
switch 
outputs 
the module 
in 
the 
specified 
file 
and 
the 
1 


1 
I 
list 
of 
the 
global 
symbol 
which 
is defined 
in 
this 
module. 
1 


1--------1---------------------------------------------------------------1 


1 
10 
1 
This 
switch 
gives 
octal 
output 
mode 
for 
IL 
switch. 
I 
1--------1---------------------------------------------------------------1 


1 
IH 
1 
This 
switch 
gives 
hexadecimal 
output 
mode 
for IL 
switch. 
I 


1 
1 
(hexadecimal 
is used 
at 
the 
default 
assumption.) 
1 


Switch 
IE 


Meaning 
I 


Argument 
error 
I 


The 
format 
in the operand 
field 
of 
the assembler 
in- 
1 


1 
1 
struction 
or assembler 
control 
instruction 
is erroneous 
1 


I 
I 
or exceeds 
the 
limitation. 
1 


1--------------1----------------------------------------------------------1 


1 
c 
I 
Conditional 
nesting 
error 
1 
I 
I 
The 
IF xx or COND 
instruction 
corresponding 
to the 
ELSE 
1 


1 
I 
or ENDC 
instruction 
is missing 
or 
two else 
instructions 
1 


1 
I 
or more 
are 
described 
in the conditional 
sentence. 
1 
1--------------1----------------------------------------------------------1 
1 
D 
1 Double 
defined 
symbol 
1 


1 
1 
Multiple-defined 
symbol 
is referred 
to. 
I 


1--------------1----------------------------------------------------------1 


1 
E 
1 
External 
error 
1 
liThe 
external 
reference 
symbol 
is incorrectly 
used. 
1 


1--------------1----------------------------------------------------------1 


1 
M 
I 
Multiple 
defined 
symbol 
I 


1 
1 
Already 
defined 
symbol 
has 
been 
re-defined. 
I 


1--------------1----------------------------------------------------------1 
I 
N 
I Number 
error 
I 


1 
I 
Numerical 
representation 
is wrong. 
I 


1--------------1----------------------------------------------------- 
----I 


I 
0 
1 
Bad 
opcode 
or objectionable 
syntax 
1 
1 
1 1] The 
ENDM 
and 
LOCAL 
instructions 
are 
out 
of 
the macro 
1 


I 
1 
block 
and 
repetitive 
block. 
1 


I 
1 2] Neither 
symbol 
nor macro 
name 
is specified 
to the 
I 


1 
I 
DEFL, 
EQU 
instructior. and MACRO 
instruction. 
I 


1 
I 
3] The 
operand 
is incorrectly 
described. 
I 


1 
I 
4] 
The 
expression 
is incorrectly 
described. 


1--------------1---------------------------------------------------------- 


1 
P 
1 
Phase 
error 
liThe 
symbolic 
values 
defined 
by others 
than 
the 
DEFL 


1 
1 
instruction 
are 
different 
in the pass 
I and 
the pass 
2. 
1--------------1---------------------------------------------------------- 


1 
Q 
I 
Questionable 


I 
1 
This 
is a warning 
error 
which 
usually 
occurs 
when 
a line 


1 
1 
is not 
correctly 
completed. 


1--------------1----------------------------------------------------- 


1 
R 
1 
Relocation 


I 
I Relocation 
is incorrectly 
used 
in 
the expression. 
1--------------1---------------------------------------------------------- 


I 
U 
1 
Undefined 
symbol 


1 
I 
The 
symbol 
not 
defined 
in 
the expression 
has 


1 
1 
Some 
of assembler 
instructions 
and 
assembler 


1 
1 
instructions 
produce 
V error 
in pass 
I and 
U 


I 
1 
pass 
2. 


Error 
Symbol 


A 


been 
used. 
control 
error 
in 


Error 
Symbol 
V 
Meaning 
I 


Value 
error 
I 
The 
operand 
values 
of assembler 
instruction 
and 
assemblerl 
control 
instruction 
(for 
example, 
.RADIX, 
PAGE, 
DEFS, 
I 
COND 
instructios, 
etc.) 
are 
not 
defined 
in pass 
1. 
I 


If 
the 
symbols 
have 
been 
defined 
after 
these 
instruc- 
I 
tions, 
U 
error 
does 
not 
occur 
in pass 
2. 
I 


Error 
Message 
% No 
END 
statement 
I 
Meaning 
I 
No 
END 
statement 
is 
described. 
I 
END 
statement 
is 
in 
each 
of 
the 
false 


1 
conditional 
block, 
the 
repetitive 
block 


1 
and 
the 
macro 
definition 
block, 
and 
is 


1 
1 
not 
recognized. 


1----------------------------1-------------------------------------------- 
I Unterminated 
Condition 
I. 
The 
conditional 
block 
does 
not 
terminate 


1 
I 
by 
the 
program 
terminates. 


1---------------------------- 
-------------------------------------------- 
I 
Unterminated 
REPT/IRP/IRPC 
• Neither 
repetation 
block 
nor 
macro 
de- 


I 
/MACRO 
finition 
block 
terminates. 
1---------------------------- 
-------------------------------------------- 


1 
Symbol 
table 
full 
While 
the 
MACRO-SO 
is making 
a 
symbol 
I 
table, 
the 
memories 
have 
run 
short. 


1 
Usually 
the 
above 
macro 
when 
the 
macro 


1 
block 
including 
many 
statements 
is 
large 


1 
in 
number. 
The 
macro 
block 
is 
stored 
in 
I 
the 
symbol 
table, 
together 
with 
the 
com- 
I 
ment 
field. 
It 
is 
required 
to 
take 
such 
I 
an 
action 
as 
represents 
the 
comment 
in 
I 
the 
block 
by 
use 
of 
two 
semicolons 
(;;). 
1---------------------------- 
-------------------------------------------- 
I 
[xx] [NO] 
Fatal 
error(s) 
I 
[,yy 
warning(s)] 


1 


1 
I 
I 
I 
I 
I 
I 


The 
number 
of 
occurred 
errors 
is 
indicated. 
xx 
•.. 
Number 
of 
fatal 
erros 
yy 
••• 
Number 
of 
warning 
erros 
Whenever 
the 
assembling 
of 
one 
program 
is 
completed, 
this 
message 
is 
outputted 


to 
the 
consol 
or 
assembly 
list 
file. 


When 
the 
message 
"No 
Fatal 
error(s)" 
has 
I 


been 
outputted, 
it 
means 
that 
no 
assemblyl 
error 
has 
occurred. 
1 


1] 
?No Start Address 
/G switch is specified, but main program 
(The program, whiuch 
specified 
execution 
start address) 
is not loaded. 


2] 
?Loading Error 
The 
file which was given as the input has 
not 
the correct 
form as 
the 


intermediate object file for LINK-80. 
3] 
?Out of Memory 
Memory 
for loading program is short. 
41 
?Command Error 
This command is not command for LINK-80. 
5] 
?File Name Not Found 
The file which 
is specified in command is not found. 
6] 
?Start symbol-Name-Undefined 
"/E: 
global 
symbol" 
or 
"/G: 
global 
symbol" 
are 
specified, 
but 
these 


global symbols are not defined. 
7] 
Nothing Loaded 
/E: 
switch 
(Termination 
of 
link 
loader) 
is 
specified, 
but 
the 
inter- 
mediate 
object file is not laoded and so processing is impossible. 
8] 
?Can't Save Object File 
When 
file 
saving 
was 
attempted, 
disk 
error 
occurred. 
Usually, 
this 


error 
occurs 
in 
case 
of 
disk 
file 
saturation 
or 
in 
case 
of 
write 


prohibition. 
9] 
%2nd COMMON Larger/COMMON 
BLOCK NAME/ 
When 
the same common 
blocks were 
defined 
in several modules, 
the size 


of the common block, which was defined by the afterwards 
loaded module, 


was 
larger 
than 
the 
size 
of 
the 
same 
named 
common 
block, 
which 
was 
defined by the formerly 
loaded module. 
The 
same common 
block must 
be 


the same size or the loading order must be cahnged. 
10] 
%Mult.Def.BLOBAL 
yyyyyy 
It was 
found during 
the 
loading 
that 
the global 
symbol 
yyyyyy 
is had 
more 
than one definition. 


111 
%Over laying -- Program --- 
I 
I Area 
Data ------ 


The address, which 
is specified by /D or /p switch, falls on the area, 
which is occupied by LINK-80, 
the program area or the data area, which 
are considered as already 
laoded. 


121 
?Intersecting -- Program --- 
Start 
xxxx 
I 
I area, 
Public 
Symbol name (xxxx) 


Data ------ 
External 
Symbol name (xxxx) 


The program area and the data area are intersecting and the address and 
the exernal 
reference 
symbol chain 
entry 
exist 
in 
this 
intersection. 
The 
conversion 
into 
the present 
value 
is impossible, 
because 
the 
last 
step value exists in this intersection area. 
13] 
Origin 
Above 


Below 
If the sufficient memory 
for loading module 
does not exist and /E or /G 
switch 
is 
executed, 
this 
message 
is 
outputted. 
"Out 
of 
Memory" 
is 
outputted, when 
both 
of /E and 
/G 
switch 
are 
not 
specified. 
"Origin 
Above Loader Memory, Move Anyway 
(y 
or N)? is outputted, when the load 


start 
address 
is higher 
than 
the 
address 
of 
the 
loadable 
memory. 
Also 
conversely, 
"Origin 
Below 
Loader 
Memory, 
Move 
Anyway 
(Y 
or 
N)? 
is 
outputted, 
when 
this 
address 
is 
lower 
than 
loOH. 
If 
"Y 
<CR)" 
is 
inputted 
after 
the 
output 
of 
these 
error 
messages, 
LINK-SO 
charges 
the 
loading 
area 
and 
continues 
the 
operation. 
If 
the 
others 
are 
inputted, 
the 
loading 
area 
isn't 
changed 
and 
the 
state 
returns 
to 
CpIM 
operating 
system 
in 
the 
same 
conditions. 
Anyhow, 
the 
load 
image 
is 
saved 
in 
the 
diskette 
file, 
if IN 
switch 
is 
specified. 
For 
example, 
for 
making 
the 
HEX 
file 
which 
is 
started 
from 
0 
address 
using 
IN 
and 
Ix 
switch, 
this 
message 
is outputted 
when 
0 
address 
is 
specified 
as 
the 
loading 
start 
address. 
The 
beginning 
from 
0 
address 
program 
is 
composed 
in 
the 
diskette 
file 
in 
the 
Same 
conditions, 
if 
the 
others 
except 
"Y" 
is 
then 
input. 


Character 
Code 
haracter 
Code 
~haracter 
Code 
haracter 
Code 


or 
(tlexa- 
or 
(Hexa- 
or 
(Hexa- 
or 
(Hexa- 


Control 
dec ima I) 
Control 
decimal) 
Cont ro I 
ec imaI) 
Control 
~ecimal) 


NUL 
00 
SP 
20 
@ 
40 
60 


SOH 
01 
! 
21 
A 
41 
a 
61 


STX 
02 
" 
22 
B 
42 
b 
62 


ETX 
03 
• 
23 
C 
43 
c 
63 


EOT 
04 
S 
24 
0 
44 
d 
64 


END 
05 
% 
25 
E 
45 
e 
65 


ACK 
06 
& 
26 
F 
46 
f 
66 


BEL 
07 
27 
G 
47 
g 
67 


BS 
08 
( 
28 
H 
48 
h 
68 


lIT 
09 
) 
29 
I 
49 
i 
69 


LF 
OA 
* 
2A 
J 
4A 
j 
6A 


VT 
OB 
+ 
2B 
K 
4B 
k 
6B 


FF 
OC 
2C 
L 
4C 
I 
6C 


CR 
00 
- 
20 
H 
40 
m 
60 


SO 
OE 
2E 
N 
4E 
n 
6E 


SI 
OF 
/ 
2F 
0 
4F 
0 
6F 


OLE 
10 
0 
30 
P 
50 
p 
70 


OC1(X-ON) 
11 
1 
31 
D 
51 
Q 
71 


OC2 (TAPE) 
12 
2 
32 
R 
52 
r 
72 


OC3 (X-OFF) 
13 
3 
33 
S 
53 
s 
73 


OC4 (l APE) 
14 
4 
34 
T 
54 
t 
74 


NAK 
15 
5 
35 
U 
55 
u 
75 


SYN 
16 
6 
36 
V 
56 
v 
76 


ETB 
17 
7 
37 
W 
57 
w 
77 


CAN 
18 
8 
38 
X 
58 
x 
78 


EH 
19 
9 
39 
Y 
59 
y 
79 


SUB 
1A 
3A 
Z 
5A 
z 
7A 


ESC 
1B 
3B 
[ 
5B 
( 
7B 


FS 
1C 
< 
3C 
"- 
5C 
I 
7C 


GS 
10 
= 
30 
] 
50 
) 
70 


RS 
1E 
> 
3E 
;\( i 
) 
5E 
~ 
7E 


US 
1F 
? 
3F 
-( <-) 
5F 
DEI (RUBOUT) 
7F 


This 
Manual 
is 
the 
guide 
for 
the 
customer 
using 
the 
LTCS-ZSD 
Macro 
Assembly 


Lauguage. 
The 
program 
examples 
described 
here 
are 
shown 
as 
the 
reference 
for 
explanation. 
Toshiba 
assumes 
no 
responsibility 
for 
any 
problems 
caused 
by 


using 
these 
examples. 
The 
information 
contained 
herein 
is 
subject 
to 
the 


change 
without 
notice 
for 
the 
technical 
development. 
See 
you 
again. 
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